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ABSTRACT 
Stock identification has been a major theme in fisheries 
management over the past century, beginning with the 
recognition of morphometric and meristic differences among 
distinct groups of fishes. Subsequent use of genetic, 
biochemical and molecular tools and statistical packages, 
such as Principal Component Analysis (PCA) and 
Discriminant Function Analysis (DFA) for the differentiation 
of different fish stocks have given a new dimension to the 
subject. 
The present study reports the observations on the stock 
structure of the freshwater pond murrel, Channa punctatus 
from two different populations of north and south India, 
discriminated using morphological (morphometric, meristic 
and truss) parameters. PCA and DFA were employed on 
standardized data matrix of morphological parameters. 
Observation on electrophoretic profile of eye lens protein of C. 
punctatus, has also been reported. 
Results of PCA revealed both inter- and intrapopulation 
differentiation among the four populations of C. punctatus. 
Step-wise DFA performed on 283 samples indicated that 
head length (HL), predorsal length (PDL) and caudal fin 
length (CFL) were the most important variables contributing 
towards discrimination in all the four populations of fish, as 
became evident from low values of Wilks Lambda and high 
values of F ratio. The distribution of the populations, based 
on the results of population centroid, depicted inter- and 
intrapopulation difference. Similarly, based on DFA resiilts, 
it was found that scales above and below the lateral line (SAL 
and SBL), and pelvic and pectoral fin ray counts were the 
important discriminatory variables for meristic characters 
among all the four populations of this species. 
Interpopulation differentiation between north and south 
populations was observed. Although intrapopulation 
differentiations was also seen in both the populations, 
clearer intrapopulation differentiation was evident in fi^h 
populations from south. 
Multivariate analysis, PCA was performed on two sets 
of t russ measured morphometric data to compare population 
samples of C. punctatus from two different locations of north 
India. The result of PCA extracted 5 components. The first 
three components were used for interpretation as these 
explained the maximum variation in the data set. Positive 
correlation between regression factor scores and 
morphometric variables were found significant on PCI for 
dorsal fin insertion to ventral fin insertion (DFIVFI), dorsal 
caudal fin origin to ventral caudal fin origin (DCOVCO), 
dorsal caudal fin insertion to caudal fin origin (DCICFO) and 
dorsal caudal fin origin to ventral fin insertion (DCOVFI). 
Significant positive correlation was also observed on PC2 for 
the post dorsal extension on neurocranium to ventral fin 
origin (PDENVO), dorsal fin origin to ventral fin insertion 
(DFOVFI), dorsal fin origin to dorsal fin insertion (DFODFI) 
and snout to pelvic fin origin (SNPO). Similarly, PCS was 
highly positively correlated with maxillary length (ML), 
ventral fin insertion to ventral fin origin (VFIVFO) and dorsal 
head length (DHL). Intrapopulation differentiation was 
evident in the two populations but interpopulation 
differentiation could not be seen. Hence, the two populations 
did not appear distinct enough to be grouped as separate 
stocks. The study also indicated higher dorsal fin length, 
medium head length and ventral fin length in the two 
populations. 
Multivariate morphometry of truss measured 
characters was employed on three distinct geographically 
separated populations of C, punctatus, two from north and 
one from south of India. DFA was employed to discriminate 
between the populations based on morphological parameters. 
DFA revealed that 13 out of 21 morphometric characters in 
this species were diagnostic for distinguishing among the 
three populations, and the differences between groups v/ere 
related to shape not solely to size of the fish. Population 
centroids, based on DFA results, revealed three distinct 
groups with respect to positively sind negatively correlated 
body measurements. The study indicated that fish of 
different populations have diverged considerably in their 
body morphology. Hence, the population of C. punctatus from 
North and South India appear to belong to separate stocks. 
Head length, dorsal and ventral fin lengths appeared 
important discriminating characters. Greater head length 
was observed in fishes from north while smaller head length 
was noted in those from South India, and this could be 
attributed to the differences in the climatic condition 
prevailing in the two regions. 
Results of electrophoretic profile of different protein bands 
did not show any variation in the banding patterns of 
different proteins while significant differences were observed 
in the samples obtained from South India, showing five 
different patterns. These five patterns differed in their 
molecular weights. One pattern was found entirely different 
from the other four, showing both low to high molecular 
weight proteins. Thus intra-population differentiation was 
apparent in the fish from southern part of the country. A 
corollary to this was evident in the observations made on tiie 
morphometric and meristic character, as well as truss 
measurement of the fish. 
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GENERAL INTRODUCTION 
GENERAL INTRODUCTION 
Living aquatic resources are enormous. However, there has 
been a drastic decline in aquatic biodiversity, including fish 
biodiversity, mainly due to habitat destruction, over exploitation 
and other anthropogenic stresses. Suitable conservation 
measures are needed to preserve this precious heritage. Such 
conservation measures should not only aim to preserve the 
species physically in its habitat but also to preserve its genetic 
integrity and identity, as viability and long term survival of a 
species depends on its genetic variability. When subpopulations 
diverge genetically they are termed as stocks. Genetic stocks may 
differ in their reproductive parameters, growth rates and 
recruitment patterns and, therefore, respond to exploitation 
pressure differently. Knowledge of stock structure is thus 
essential for proper fisheries as well as conservation 
management and for aquaculture application (Shaklee et ah, 
1990; and Carlvalho and Hauser, 1994). The Stock Concept 
International Symposia held in Ontario, Canada in 1981 
emphasized the need to develop a refined up to-date stock 
concept based on ecological and genetic principles, examine the 
prospect and strategies for preservation of gene pools, explore 
the potential for the use of stock concept in rehabilitation of 
freshwater resources, and finally to develop the use of this 
concept in fisheries. Growing human population and fast 
diminishing per capita availability of land, and subsequent 
pressure on biological production from terrestrial source may 
derive people towards aquatic resources for harnessing food for 
sustenance. Hence, aquatic biodiversity may assume greater 
significance as the main supplier of food for the people. 
Unfortunately, the level of information and perception of 
biodiversity conservation is still poor, especially in developing 
countries like India. 
Experimental studies on fish stock identification are 
generally undertaken to achieve three important objectives. 
Firstly, to conserve the genetic biodiversity for the protection of 
aquatic biodiversity. Secondly, to preserve aquatic diversity for 
sustainable management of fishery resources. Lastly, to maintain 
the sustainability for security of protein-rich food and 
medicinally and commercially important raw materials from 
aquatic ecosystem (Mustafa, 1999). There is a growing awareness 
on the need to evolve stock-based management and conservation 
strategies. Besides, for any applied study on fish it is important 
to know the nature of its stock. It is known that response of the 
fish to feed, habitat, and protein assimilation is strongly 
influenced by nature of its stock (Skereslet, 1973; Johnson, 
1983; Sparholt, 1985; and Langholz, 1990). 
Stock identification has been a major theme in fishery 
management over the past century, beginning with the 
recognition of meristic and morphometric differences among 
distinct groups of Atlantic herring, Clupea harengus (Heincke, 
1898). Identification of stocks of fish has long been the province 
of morphologists. Although morphometric characters are 
influenced by environmental differences, they can be as valuable 
in indicating stock discreteness as other more genetically related 
features. Morphometric variability have been used in recent 
years to view both taxonomic and stock relationship in marine 
and freshwater fish (Winans, 1984; Parmanne, 1990; Karakousis 
etal, 1991; Schaefer, 1991; Shepherd, 1991; and Creech, 1992). 
Calcareous, biochemical and cytogenetic parameters have 
also been used to identify fish stocks (Svardson, 1952; McCart 
and Pepper, 1971; Sharp et al, 1978; Gold, 1979; Todd and 
Smith, 1980; Todd et al, 1981; Howell and Black, 1981; and 
Tsvetnenko, 1991). The use of various morphometric and 
meristic characters in fish stock identification has been well 
documented (Godsil, 1948; Schaefer, 1948; Bayless 1968, 1972; 
Bishop, 1968; Krumholz and Cavanah, 1968; Kerby, 1979, 1980; 
Harell, 1984; Meng and Stocker, 1984; Waldman, 1986; Fabrizio, 
1987; Harell and Dean, 1987; Shaefer, 1991; Melvin et al, 1992; 
and Pepin and Carr, 1993). Todd et al (1981) studied the 
morphological differences between parents and offsprings of 
ciscoes, Coregonus spp. and their results suggested that 
hatchery fish diff'ered from the parents more than the parent 
species differed from one another. These morphological 
differences were probably due to the effects of different clim.atic 
conditions. Coregonines auid salmonids, in paticular, have long 
been known to develop varied phenotypes in response to 
environment (Martin, 1949; Svardson, 1952; and Loch, 1974). 
Some phenotypic studies have shown variability between 
samples where no genotypic differentiation was found (Leslie and 
Grant, 1990; and Roby et al, 1991). Morphometric, in turn, can 
provide valuable information on phenotypic plasticity of a 
species. 
Morphometric characters have also been frequently used in 
population studies of scombroid fishes, particularly the tunas 
(Godsil, 1948; Schaefer, 1948; Schaefer and Walford, 1950; 
Roedel, 1952; Royce, 1964; and Yang et al, 1969). Popiel (1955), 
who examined the head length of certain groups of Baltic 
herring, was one of the first to utilize morphometric chairacters in 
European herring racial investigation. Morphometric and 
meristic studies were performed to compare orange roughy, 
Hoplostethus atlanticus, population from different regions and 
their result suggested that studies of morphological parameters 
were potentially useful for differentiating or comparing different 
populations (Elliot and Ward, 1992; and Haddon and Willis, 
1995). Morphological variation in pupfish, Cyprinodon variegates, 
populations was studied by Wilde and Echelle (1997), and in 
common European cyprinid, Leuciscus cephalus, by Hanfling and 
Brandl (1998). Morphological differences in coho salmon, 
Oncorhynchus kisutch, were reported by Swain et al. (1991). 
Environmentally influenced morphometric and meristic 
variability among the population of orange roughy indicated 
significant differences between adjacent stocks of New Zealand 
(Haddon and Willis, 1995). Morphological studies between 
groups of European anchovies, Engraulis encrasicolus, revealed 
the presence of their subpopulations (Schevchenko, 1980; 
Spanakis et al, 1989; and Bembo et al, 1996b). In another 
study, morphological difference of this fish revealed two groups, 
one in shallow waters of the north and western Adriatic and 
other in deeper waters of south and central Adriatic (Bembo et 
al, 1996a). 
Morphometric data on some Indian fish species have also 
been provided by several workers (Pillay, 1957; Hameed et ah, 
1977; Srivastava and Tyagi, 1979; Dwivedi and Rattan, 1980; 
Jayaram, 1980; Acharya and Dwivedi, 1984; Chowdry and 
Dwivedi, 1985; Piska, 1990; Shah etal, 1991; Fatima, 1991; and 
Khumar and Siddiqiii, 1992). 
Traditionally, data collected for morphometric studies have 
been analysed without corrections for allometry or allometric 
variations within a population. In earlier studies on Morone 
morphometries ratios were used for separation (Bayless, 1972; 
Williams, 1976; Kerby, 1980; and Harell and Dean, 1988). 
Although the use of ratios is an established technique in 
morphometries, its reliability has also been doubted because of 
the effects of correlation between numerator and denominator 
(Atchley and Anderson, 1978; and Reist, 1985). Univariate 
analysis of morphometric and meristic data of Morone spp. 
species have generally shown that no single character accurately 
separates striped bass, white bass and their hybrids. Hence, 
Muoneke et al. (1991) investigated the use of miiltivariate 
approach, using Principal Component Analysis (PCA) and 
Discriminant Function Analysis (DFA) of truss and conventional 
data. Truss data have also been used to differentiate the body 
shape changes associated with smolting in coho salmon (Winans 
and Nishioka, 1987). Elliot et al. (1995) performed morphometric 
analysis on orange roughy in southern Australian waters. Thirty' 
eight morphometric measurements were size standardized and 
analysed by univariate and multivariate statistics. The result 
indicated significant variation in the morphology of orange 
roughy caught from geographically distinct aggregations. Walker 
et al (1988) described two ecologically distinct forms of Arctic 
charr, Salvelinus alpinus. Gardener et al (1988) analysed 
morphometric data from the same fishes using multivariate and 
univariate techniques, indicating that Arctic charr were 
dimorphic. Maoileidigh et al. (1988) carried out multivariate 
analysis of morphometric and meristic character of the two 
populations of twaite shad, Alosa fallax. Ihssen et al. (1981) 
studied ecological, morphological and electrophoretic variations 
among five allopatric stocks of lake Whitefish, Coregonus 
clupeaformis, using multivariate analysis of characters. 
Popiilation of herring was studied by PCA on eight morphometric 
characters (Burd, 1969). Multivariate statistical analysis of 
morphometric parameters have been frequently applied to 
studies of stock differentiation (Copeman, 1977; Sharp et al, 
1978; Wilk et al, 1980; Riddell and Legget, 1981; Winans, 
1980ab). Corti et al (1988) performed multivariate analysis of 
morphometric characters to investigate the distinctness and 
interrelationship of six stocks of the common carp, Cyprinus 
carpio. Morphometric variations between populations of Atherina 
boyeri and A. presbyter were studied, using multiple group PCA. 
Li sifa (1990) studied the population of silver carp, 
Hypophthalmichthys molitrix, big head, Artistichthys nobilis, and 
grass carp, Ctenopharyngodon idella and found obvious 
intraspecific divergence in morphometric parameters among the 
population of these fishes. Morphometric characterization of 
sympatric population of Clarias gariepinus was studied by 
Agnese et al (1997). 
Several workers compared morphological distinctness of 
fishes from different localities with observed genetic differences. 
It was suggested that ciscoes of Lake Superior reportedly 
displayed more phenotypic responses to local environment 
than genetic differences, indicating that both environmental 
and genetic factors were responsible for differences among the 
stocks, with phenotypic differences being more rapid while 
accumulation of genetic differences a slower process (Clarke, 
1973 ; Loch, 1974; and Todd et al, 1981). Numerous studies on 
morphological and meristic variability among populations of 
Atiantic herring showed that they were divided into numerous 
demographically discrete subpopulations, while allozyme and mt 
DNA variability have failed to detect these local stocks (Grant et 
ah, 1999). Studies on morphometric and meristic variability of 
Atiantic cod, Gadus morhua, have detected measurable 
differences in fishes from various areas in the North Atiantic 
(Pepin and Carr, 1993). However, it is assumed that analysis of 
phenotypic variability over a life time of an individual may be 
more appropriate in many cases for depicting the influence of 
recent events on population structure than the analysis of 
molecular genetic markers (Grant et al, 1999). 
DFA of morphometric and meristic characters have also 
been used to assess the extent of differentiation among the 
population of white hake, Urophysis tenuis (Hurlbut and Clay, 
1998), and the results suggested that although meristic 
character provided some evidence for stock separation, best 
statistical separation could be obtained by morphometric 
characters. Morphological variation among Oreoleuciscus sps, 
based on morphometric and meristic parameters, discriminated 
two species (Golubstov et al, 1999). DFA of morphological 
characters supported the existence of two groups of brook charr, 
Salvelinus fontinalis (Dynes et al, 1999). Extensive morphological 
variability among and within the populations were also found in 
the brown trout, Salmo trutta (Karakousis etal, 1991). 
Populations of freshwater and anadromous fishes which 
generally consist of small isolated subpopulation are reportedly 
subject to greater random genetic drift than the population of 
marine fishes (Hedgecock, 1994). Freshwater and anadromous 
fishes also appear to experience higher level of disturbance from 
natural and human resources than do marine fishes. However, 
morphometric and meristic variability may be as important as 
the analysis of genetic variability in defining population 
boundaries for different species of these fishes (Grant et al., 
1999). 
Even in the present era of molecular work, there have been 
advances in the concept of viewing, collecting and analyzing 
morphological data. It is considered better for morphologists to 
continue to study morphological variability but better result 
could be concluded if these morphological variability are viewed 
with other sets of molecular characters. Lewontin (1984) has 
stated that it often happens that observed morphological 
differentiation is clear and statistically significant, while 
differences in the gene frequency are less powerful in 
discriminating population and species. A combination of 
morphological and biochemical data such as variations in 
constitutive proteins can be potentially more useful than either 
set of characters. 
The availability of various biochemical and molecular tools 
has, however, made it easier for fishery biologists to study and 
differentiate, with greater reliability, stock structures in fishes. 
Stock structures can be determined on the basis of genetic 
markers. Among these, isozymes and DNA markers provide a 
direct quantitative assessment of genetic variation within a 
species. The partitioning of such variability of inter- and 
intrapopulation gives an understanding of genetic dynamics of 
the popiilation. With allozyme electrophoretic separation 
technique, the protein product of a given gene is assayed and 
genetic polymorphism studied by comparing protein mobilities in 
an electric field. Since late 1960s, the electrophoretic analysis of 
en2ymatic protein has remained one of the chief soiorces of 
information about genetic structuring among fish population 
(Ryman and Utter, 1987). Fishery biologists were among the first 
to utilize electrophoretic methods for population studies (Sick, 
1961; Fujino, 1967; and Jamieson, 1967). The first application of 
direct genetic methods for fish stock identification was with 
blood groups (Gushing, 1964). Preliminary studies on stock 
identification using blood group were made on yellowfin tuna, 
Thunnus albacores, skipjack tuna, Katsumonus pelamis 
(Gushing, 1952), sea perch, Gymatogaster aggregata, and 
kingfish, Genyonemus lincutus (Gushing sund Sprague, 1952). 
However, blood grouping technique requires serological expertise 
for handling fish blood cells and is found cumbersome. In 
contrast, information provided by gel electrophoresis is relatively 
quick and more valid than information provided by blood group 
(Utter et ah, 1974). Thus, blood group methods were rapidly 
replaced by electrophoretic methods. The major application of 
electrophoretic techniques in fisheries research has been in 
population and stock identification. Initial studies using 
electrophoretic techniques were made on the commercially 
important marine species (Wishard-Seeb and Gunderson, 1988). 
Am.ong marine fish species, the demersal species such as cod 
and haddock (Jameison and Birley, 1989 a,b) showed greater 
genetic subdivision than do pelagic species such as herring 
(Komfield et al., 1982; Grant 1984; Grant and Utter 1984; and 
Ryman et al., 1984), anchovy (Grant, 1985) and mackerel 
(Jamieson and Smith, 1987). 
In recent times, availability of large number of molecular 
tools has made it much easier to study populations and their 
subpopulations. New DNA technology often assume pre-
eminence over previous technologies, giving the appearance of 
obsolescence to the molecular tools preceding them (Lewontin, 
1991; Wirgin and Waldman, 1994; and Beacham et al, 1996) 
However, older methods have proved as useful as newer DNA 
methods for detecting popxilation difference in many fish 
species. Over the last one decade, considerable work has been 
done on stock identification using various biochemical tools. 
Some notable contributions in the field are those of Magoulas et 
al (1993), Scoles and Graves (1993), Utter et al (1993, 1995), 
Grijalva-Chau et al (1994), Graves and McDowell (1994, 1995), 
Smith et al (1994), Ward et al (1994), Chow and Ushiama 
(1995), Heist et al (1995, 1996), Graves (1996), Quinn et al 
(1996), Tringali and Bert (1996), Vrijenhoek (1996), and Nielsen 
etal (1997). 
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Soluble proteins of nuclear regions of eye provide a unique 
molecular method system for studying genetically based 
difference between animals (Smith, 1966 and Smith and 
Goldstein, 1967). Being species specific, eye lens proteins are a 
valuable source of genetic, phylogenetic and taxonomic 
information (Eckroat, 1974; Weinstein and Yerger, 1976; 
Basalgia and Callergarini, 1987; Basalgia, 1989; Basalgia and 
Marchetti, 1990; Jamieson and Teixeira 1991; Patwardhan and 
Modak, 1992). E)ye lens nucleus is inert and can tolerate high 
temperature and withstand lack of refrigeration up to 5 days 
without denaturing (Smith, 1966). It is considered an ideal 
material also because of the ease in collection and storage of 
lenses, stability against seasonal, environmental and metabolic 
change (Smith and Goldstein, 1967; and Peterson and Smith, 
1969). Genetically-based intraspecific variations in nuclear eye 
lens proteins of fish have been reported by several workers in the 
past (Smith, 1966, 1971 a, b, c; Eckroat and Wright, 1969; and 
Peterson and Shehadeh, 1971), and these have been used to 
identify separate populations of the same species, A huge 
amount of data on protein variation has become available in the 
last 10 years for practically all major salmonid stocks throughout 
the world by the use of electrophoresis. A great deal of efforts has 
been spent verifying the inheritance of electrophoretic 
polymorphism in population studies on salmonids (Eckroat and 
Wright, 1969; Utter, 1971; Allendorf and Utter 1973) 
The growing interest in stock identification, conservation 
and its management of different fish species in India has, 
however, created a need to investigate the basic nature of 
11 
different existing stocks making use of both traditional as well as 
the modem biochemical and molecular tools. Information on 
stock identification of Indian fishes remained limited mostly to 
studies based on the use of traditional morphometric and 
meristic parameters (Piska, 1990; Shah et al, 1991; and Khumar 
and Siddiqui, 1992). Electrophoretic study of muscle and eye 
lens protein of three species of sciaenids and nemipterids was 
reviewed by Chakraborty (1989, 1990). Eye lens proteins have 
been used to differentiate populations of Channa sp. from 
eastern Uttar Pradesh, India (Srivastava and Pooniah, 1998). 
Although significant contributions have been made on the 
subject by different workers at different times, information on 
stock identification in freshwater fishes is still meagre. 
The present study was undertaken with a view to 
discriminate the stock structure of the freshwater pond murrel, 
Channa punctatus, from two different populations of North and 
South India, using morphological parameters (morphometric, 
meristic and truss). PCA and DFA were employed on 
standardized data matrix of morphological parameters. 
A preliminary study on eye lens crystallins of this species 
was also made on samples obtained from the aforesaid regions of 
the country. 
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GENERAL METHODOLOGY 
GENERAL METHODOLOGY 
Samples of Channa punctatus were obtained live from two 
ecologically distinct regions of the country, namely, Aligarh in the 
north and Vishakhapatnam in the south. 
All measurements were made to the nearest 0.1 mm with 
the help of a manual and digital caliper. Before analyzing the 
data, the measurements were transformed and standardized in 
order to minimize the variability resulting from allometric growth 
(Beacham, 1985; and Reist, 1985). 
Fish were measured for their morphometric and meristic 
characteristics, using the method employed by the Hubbs and 
Lagler (1947). Specimens showing excessive curvature were 
discarded. The morphometric and meristic parameter chosen for 
the study were: 
Total Length (TL): distance between the anterior most part of 
the snout and tip of the caudal fin. 
Standard Length (SL): distance in a straight line between the 
anterior most part of the snout or the upper lip which makes the 
anterior most extremity of the body and the base of the caudal 
fin, where the median fin meets the hypural plate. 
Predorsal Length (PDL): distance before the dorsal fin up to the 
tip of the anterior most part of the snout. 
Head Length (HL): distance in a straight line between the 
anterior most part of the snout or the upper lip/ whichever 
extends the farthest forward and the posterior most edge of the 
operculum bone. 
Caudal Fin Length (CFL): length of the caudal fin from base to 
tip-
Depth through dorsal fin (DDF): distance between the dorsal 
and ventral surface at the deepest point. 
Orbit Diameter (OD): diameter of eye orbit. 
Scale Count: formula expressing the number of scales along the 
lateral line and the transverse row. 
Lateral Line Scale Count (LLS): denotes the maximum number 
of scales in the lateral line. 
Scales above the lateral line (SAL): scales falling along the line 
starting from the origin of the dorsal fin and extending downward 
and backward to meet the lateral line. 
Scales below the lateral line (SBL): scales falling along the line 
that starts from the origin of the anal fin and running upward 
and forward to reach the lateral line. Any scale encroaching both 
above and below the line was counted among the scales from 
below the lateral line. 
Scales before the dorsal fin (SBD): scales present in a row 
before the dorsal fin. 
Gill raker count (NGR): number of gills raker present on the 
first gill arch. 
Fin ray count: number of fin rays on each fin, viz. dorsal (DFR), 
ventral (VFR), pelvic (PIFR), pectoral (P2FR) and caudal (CFR). 
-Besides conventional measurements, t russ network system 
was also employed (Fig. 1) for measuring fish in vertical, 
horizontal and oblique manner between anatomical landmarks 
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(Strauss and Bookstein, 1982). There are several biases and 
weaknesses inherent in traditional character sets, where most of 
the characters tend to align with one of the very few axis such as 
longitudinal with only scant sampling of depth and breath. Thus, 
large amount of information on variation in oblique direction 
remains lacking. Besides, some morphological landmark, such as 
tip of the snout and posterior end of the vertebral column are 
used repeatedly. Thus, t russ body form reconstruction method 
has been considered more reliable in such studies. The 
procedure for morphometric measurements were the same as 
those described by Winans (1984) and Swain and Holtby (1989). 
Each specimen was kept in its natural position on a water 
resistant paper. Landmark positions were recorded by making 
holes with a dissecting needle in a water resistant paper 
alongside the location of each landmark. Distance between each 
landmark was then measured with the help of an electronic 
digital caliper nearest to 0.1 mm (Fig 2). Ten landmarks were 
chosen to form the truss box, producing 21 homologous 
distances. The distance between each landmark measured was 
as follows: 
Maxillary length (ML), Dorsal Head Length (DHL), post dorsal 
extension of the neurocranium to pectoral fin origin (PDENPO), 
end of jaw to pectoral fin origin (EJPO), snout to pectoral fin 
origin (SNPO), the post dorsal extension of neurocranium to end 
of lower jaw (PDENEJ), the post dorsal extension of 
neurocranium to dorsal fin origin (PDENDO), dorsal fin origin to 
vential fin origin (DFOVFO), post dorsal extension of 
neurocranium to ventral fin origin (PDEIWO), dorsal fin origin to 
15 
pectoral fin origin ( DFOPFO), dorsal fin origin to dorsal fin 
insertion (DFODFI), dorsal fin origin to ventral fin insertion 
(DFOVFI), dorsal fin insertion to ventral fin origin (DFIVFO), 
dorsal fin origin to ventral fin insertion (DFOVFI), dorsal fin 
insertion to dorsal caudal fin origin (DFIDCFO), dorsal caudal fin 
origin to ventral caudal fin origin(DCOVCO), ventral fin insertion 
to caudal fin origin (VFICFO), dorsal caudal fin insertion to 
caudal fin origin (DCICFO), dorsal caudal fin origin to ventral fin 
insertion (DCOVFI). 
Slab gel electrophoresis 
A polyaciylamide slab gel electrophoresis (PAGE) was performed 
following the method as described by the Laemmli (1970). The 
following stock solutions were prepared. 
Acrylamide bisacrylamide (30:0.8): 30 g of acrylamide and 0.8 g 
of bisacrylamide were dissolved in a total volume of 100 ml of 
distilled water. The solution was filtered and stored at 4 °C in an 
amber coloured bottle in order to prevent photopol5mierization. 
Resolving gel buffer: Tris (36.3 g, 3M) was dissolved in 48 ml of 
IN HCL, the pH adjusted to 8.8 and final volume brought to 100 
ml. 
Stacking gel buffer: Tris (6.05 g 0.5M) was dissolved in 40 ml of 
distilled water, titrated to pH 6.8 with IN HCL, and the final 
volume adjusted to 100 ml with distilled water. 
Tank buffer : 0.02 M tris and 0.192M glycine (pH 8.3) containing 
0.1% SDS. 
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Sample buffer: 6 g tris was dissolved in 80 ml of distilled water 
and its pH was adjusted to 6.8 with ortho-phosphoric acid. The 
final volume was brought to 100 ml with distilled water. 
The samples were electrophoressed for 8-10 hours at room 
temperature at 80 volts or for 3-4 hours at room temperature at 
20 mA, using mini slab gel electrophoresis apparatus (Genei, 
Bainglore). 
The data on morphological characteristics were computed 
for univariate and miiltivariate analysis. The data collected were 
transformed and standardized and subjected to Principal 
Component Analysis (PCA), and Discriminant Function Analysis 
(DFA). PCA, a multivariate ordination method of analysis, is 
useful in distinguishing morphological differences between 
groups (Winans, 1987). It attempts to express the whole 
variational pattern of the data in terms of few variates 
compounded from those measured originally, thus reducing the 
data and expressing almost all the information more concisely in 
fewer numerical entities (Finney, 1980). PCA has been preferred 
over univariate and bivariate analysis. Gould and Johnston 
(1972) have also emphasized the use of multivariate approach for 
morphological variations. PCA computes a set of uncorrelated 
composite variables called principal components from various 
covariance or correlation matrix. 
DFA uses measurement of individuals from two or more groups 
within the species and determines from a linear function or other 
compound of measurement that best distinguishes one group 
from another. 
17 
All statistical analyses were performed on Compaq Presario 
(Pentium III), Laptop on SPSS 7.5 version of windows XP. 
Fig 1 . The location of the 10 homologous landmarks, 
recorded on each individual, are shown as •and the 
21 distance measure The landmarks refer to : 1, 
the anterior point of the snout on the upper jaw; 2, 
end of jaw; 3, the posterior dorsal extension 
of neurocranium; 4, pectoral fin origin; 5, dorsal fin origin; 
6, ventral fin origin ; 7,dorsal fin insertion; 8, ventral fin 
insertion; 9, dorsal caudal fin origin; 10, ventral caudal 
fin insertion. 
Fig 2. Digital Caliper used for measurement 
CHAPTER-I 
CHAPTER I 
Intra- and interpopulation differentiation in c o m m o n 
freshwater pond murrel, Channa punctatus (Bloch) 
based on morphometric and merist ic parameters 
INTRODUCTION 
The capacity of fish populations to adapt and evolve as 
single biological unit is rarely observed on account of its 
heterogeneity, and discontinuity of the environment. Also, 
intermingling and exchange of individuals among the population 
result in limited independent biological entities. Knowledge of 
stock structure and its identification has become a pre-requisite 
both for management and conservation of species (Shaklee et ah, 
1990; and Carlvalho and Hauser, 1994). 
Body morphology is believed to be under conflicting 
selection pressure in fishes (Ridell and Legget, 1981; Taylor and 
McPhail, 1985; Fleming and Gross, 1989; Swain and Holtby, 
1989). Morphometric variations are induced both by genetic and 
environmental factors (Wright, 1932; Barlow, 1961). A sufficient 
degree of isolation may also result in notable morphological 
meristic and genetic differentiation among populations within the 
species (Pepin and Carr 1993). It is, therefore, important to 
identify the geographic ranges and to determine some of the 
basic nature of stocks to manage them better in fisheries (Ihssen 
etal, 1981). 
Although the use of electrophoretic data provide valuable 
genetic information for the evaluation of intraspecific variability 
(Allendorf and Utter, 1979; Ryman et al, 1979; Busac and Gall, 
1980; Grant et al, 1980; and Winans, 1980a), complementary 
data from other sources are needed for comprehensive view of 
population differentiation (Clayton, 1981; and Utter, 1981). Some 
important techniques, beside electrophoresis, have often been 
found useful in this context. For instance, multivariate statistical 
analysis of morphometric characters have been frequently 
applied to studies of stock differentiation (Copeman, 1977; Sharp 
et al, 1978; Wilk et al., 1980; Ridell and Legget, 1981; Winans, 
1980b; Ahneida, 1987; Parsons, 1972; EUiot and Ward, 1992; 
Haddon and WiUis, 1995; Wilde and Echella, 1997; Hanfling and 
Brandl, 1998; Adams et al, 1998; and Pakkasamaa and Piironen 
2001). 
Phenotypic plasticity in morphometric and meristic 
characters is due to expression of environmental conditions 
during egg and larval development, which leads to heterogeneity 
or stock differentiation. Although a group may not be 
distinguishable genotypically, morphologiceil variability can serve 
as a suitable foundation for diversion into management units 
(Lewontin, 1984). 
During the last few decades morphometric investigations 
have been made on fishes using different univariate analysis, 
even though morphological characters are not polygenically 
inherited, have low heritability and subject to considerable 
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environmental plasticity (Karakousis et al, 1991). Thus, unless 
specific characters are known to have genetic basis, multivariate 
analysis of a set of phenotypic characters is regarded as more 
appropriate method than the use of single character for 
determining the extent to which populations or species may be 
genetically diverse (Smith and Chesser, 1981). The multivariate 
methods have been proposed as efficient tool for stock 
identification in management programmes (Winans, 1985; and 
MacCrimmon and Claytor, 1986), and for investigating the 
taxonomic problems in sympatric populations (Cawdery and 
Ferguson, 1988). 
The pond miirrel, Channa punctatus, is one of the 
commonest freshwater fishes in India, being found both in rivers 
and ponds. Being an air breathing species, this fish is mostly 
sold in live condition, constituting the main bulk of pond fishery 
in the plains of northern India. Knowledge of structure and 
identification of stocks of C. punctatus is important for 
sustainable exploitation of this species. Phenotypic variation and 
presence of different stocks of this fish are virtually unknown 
hence biodiversity at morphological level has not been explored. 
The objective of the present study was to examine the 
extent of morphometric and meristic variability in four different 
populations of C. punctatus, using univariate and multivariate 
methods. The purpose of the analysis was to examine the state of 
differentiation within and among the populations, using classical 
taxonomic characters, and to test the efficiency of multivariate 
methods, such as Principal Component Analysis (PCA) and 
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Discriminant Function Analysis (DFA), in stock identification for 
future management programmes. 
MATERIALS AND METHODS 
Samples of C. punctatus were obtained from commercial 
catches. Two populations from northern region, nor thl (n=102), 
north 2 (n=82) and two from southern region, south l(n=30), 
south 2 (n=69) were taken for the study. Measurements were 
made in each specimen on six continuous body characters and 
ten meristic characters (Table 1) according to Hubbs and Lagler 
(1967). 
Fin rays included all detectable rays counted at the base of 
the fin. All measurements were taken to the nearest 0.1 mm. 
Before carrying out the analysis of variance of each character, 
morphometric and meristic data were normalized with log and 
square root transformations, respectively (Sokal and Rolf 1981). 
Similarly, before performing the multivariate analysis, all 
morphometric measurements were standardized, using the 
following formula: 
Mt= Mo(L/Lo)b 
Where, 
Mt = Standardized measurement 
Mo = Observed character length 
L= Overall mean standard length for all areas 
Lo= Standard length of specimen 
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b= Regression coefficient of Log Mo to Log U for each 
stock. 
The above transformation minimizes the variability resulting 
from allometric growth (Beacham, 1985; and Riest, 1985). The 
mean and standard deviation were computed from the 
transformed measurements of morphometric and meristic 
characters in each population. Morphological variability was 
estimated in each sample by multivariate generalization of the 
coefficient of variation (Van Valen, 1978) in untransformed 
(C.V.p) and transformed (C.V.p) measurements. 
Coefiicient of variation of population (C.V.p) =100 7,SJ2 
Z X J 2 
Whereas SSj2 and SXj2 were the sums of variance and mean 
square, respectively. 
To find out intra- and interpopulation differences among 
the four populations of C. punctatus, multivariate analysis was 
employed, and PCA was based on correlation matrix instead of 
variance covariance matrix, as it preserve allometric relationship 
among the characters, and when all characters were measured 
on equal basis in both ways, PCA carried out on correlation 
matrix manifested the true loadings. DFA was performed on data 
matrix of morphometric and meristic parameters. The raw data 
was transformed to allow for valid analysis. This was necessary 
because DFA being a sensitive analysis, is-designed for data 
containing overeill variation and equality of dispersion of group 
mean for each group. The first step in analysis was the 
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calculation of WUks Lamda or (/statistics. The [/statistics varied 
from 0-1, large values of Lamda indicated the group mean as not 
different, while small Lamda value indicated group mean as 
different. Variables were measured on different scales like 
morphometric and meristic variables. Hence morphometric data 
was logio transformed while meristic data was transformed to 
square root (Sokal and Rohlf, 1981). Step-wise DFA was 
performed on 283 specimens for seven morphometric and ten 
meristic variables. 
RESULTS 
Log-log regression slope of morphometric characters 
against standard length were not significantly different between 
male and female fish within the sample. Further, differences 
between the sexes were minor in comparison to differences of 
mean standard lengths between the samples. Therefore, data 
were standardized and analyzed without distinguishing between 
the sexes. No standardized character measiorement exhibited 
significant correlation with stamdard length, indicating that size 
effect had been successfully removed with allometric 
transformation. 
Mean and standard deviation of six morphometric (Table 2) 
and ten meristic (Table 3) measurements, as well as sample size 
for each population was studied. Coefficient of variation of 
untransformed (C.V.p) and transformed (CV.p) measurements in 
each sample was calculated. Values of C.V.p among all four 
populations differed little among the samples (Kruskal Wallis H 
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test, h=0.392) for both morphometric as well as meristic 
measurements (P>0.05). Significant overall morphological 
differences were observed from univariate analysis of variance 
carried out on transformed morphometric and meristic data. The 
results indicated that only one character, the number of gill 
raker count, did not differ significantly among the four 
populations examined (Table 4). 
As can be seen from Table 5, PCA of standardized 
morphometric data of north 1 population extracted four 
components. More than 85% of cumulative total variance was 
accounted for by the first four principal components, the first 
component accounted for 36.5%, the second 22.9%, the third 
14.7% and the fourth 11.4%. Although all the variables in the 
data set were contributing towards variation as evident from the 
component loading scores, comparatively high component 
loading was seen in PDL, HL on component I and total length 
(TL) and caudal fin length (CFL) on component II, indicating that 
these variables may be important discriminatory variables. 
Analysis of correlation matrix showed that some of the variables 
were positively correlated with each other. The highest significant 
positive correlation was found between the head length (HL) and 
predorsal length; (PDL), (r=0.666, P<.001; Table 6). To further 
confirm the results of PC scores, Pearson's correlation was 
performed between regression factor score and variables. 
Pearson's correlation was found to be positively significantly 
correlated with TL (0.829, P<.001), PDL (0.939, P<.001), HL 
(0.819, P<.001) and CFL (0.856, P<.001). 
25 
PCA of meristic parameter accounted for a total of 55.3% of 
variation by all four components. Component I, II, III, and IV 
accoimted for 19.7, 14.7, 10.8, and 9.9% of variations, 
respectively. Few of the variables in the data set contributed 
towards variations which can be seen in component loading 
scores. High loading scores of DFR, LLS and NVR on component 
I, SAL on component II, SBL on component III and SBD on 
component IV indicate that these variables may be important 
discriminating character (Table 7). Analysis of correlation matrix 
showed that only few characters were significantly correlated 
with each other. Lateral line scale (LLS), caudal fin ray count 
(NCR) and ventral fin ray count (NVR) showed positive correlation 
with dorsal fin ray count (DFR), while number of gill raker count 
(NGR), pectoral fin ray count (NP2R) and ventral fin ray count 
(NVR) showed significant correlation with LLS. Pelvic fin ray 
count (PiFR) showed positive significant correlation with NCR. 
Highly positive correlation was found between DFR and NVR (r 
=0.383, P<.001; Table 8). Pearson's correlation between variables 
and regression factor score was found to be positively correlated 
with LLS (0.465, P<.001), DFR (0.829, P<.001), NVR (0.723, 
P<.001), SAL (0.600, P<.001), SBD (0.886, P<.001). 
When north 2 population data was subjected to PCA, 
85.8% of the cumulative total variance was accounted for by the 
first four principal components. The first, second, third and 
fourth components accounted for 34.7, 21.0, 15.9 and 14% of 
variations, respectively. All the variables in the data set were 
found contributing towards variations which was evident from 
the component loading scores. Comparatively high component 
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loading scores of depth through dorsal fin (DDF) on component I, 
orbit diameter (OD) on component III and predorsal length (PDL) 
on component IV, however, indicate that these variables may be 
important discriminatory variables (Table 9). Correlation matrix 
analysis revealed significant positive correlation between total 
length and caudal fin length (r=0.507, P<.001; Table 10). To 
further confirm the result of PCA, Pearson's correlation was 
calculated between variables and regression factor score and this 
was found to be highly positively correlated with DDF (0.862, 
P<.001), PDL (0.935, P<.001) and OD (0.973, P<.001). 
62.6% of cumulative total variance was observed when 
meristic data was subjected to PCA. The first, second, third and 
fourth component accoionted for 17.1, 16.1, 14.8 and 14.4% of 
variations, respectively. High loading scores on NGR, PIFR and 
SAL on component I, NP2R on component II and SBD, SBL on 
component III indicate that these three may be important 
discriminatory variables (Table 11). Analysis of correlation matrix 
revealed significant positive correlation between few of the 
variables. Highest significant correlation was found between 
scales above the lateral line (SAL) and gill raker count (NGR) 
(r=0.380, P<.01; Table 12). Pearson's correlation was found to be 
significantly correlated with these variables, NGR (0.682, P<.01), 
PIFR (0.725, P<.01) SAL (0.764, P<.01), NP2R (0.682, P<.01), 
SBD (0.696, P<.01) and SBL (0.674, P<.01). 
PCA performed on south 1 morphometric variables 
accounted for 88.5% of variance by the first four components. 
The first, second, third and fourth components accounted for 
27 
39.4, 25.11, 13.8 and 10.2% of variations, respectively. Although 
all the variables in the data set contributed towards variations, 
as would be evident from component loading scores, relatively 
high loading of PDL and HL on component I and CFL on 
component II, points out that these variables may be the 
discriminating variables (Table 13). An analysis of correlation 
matrix revealed that only few variables showed significant 
positive correlation with each other. The highest correlation was 
found between HL and PDL (r=0.691, P<.001; Table 14). To 
further confirm the result of PC scores, Pearson's correlation was 
performed between regression factor scores and the variables 
and this was found to be significantly (P<.001) correlated with 
PDL (0.928), HL (0.797) and CFL (0.862). 
Results of PCA of meristic parameters of south 1 
population revealed a total of 65.6% variation by the four 
components in the data set. Components I, II, III and IV 
accounted for 22.3, 17.8, 13.6 and 11.7% of variations, 
respectively. Although all the variables in the data set were found 
contributing towards variations, relatively high component 
loading was seen in DFR, NGR and NVR on component I, SBL on 
component II and NP2R on component IV (Table 15). Correlation 
matrix analysis revealed that only few variables were positively 
(P<.001) correlated with each other. The highest significant 
correlation was found between SBL and NCR (r=0.591, P<.01; 
Table 16). Pearson's correlation between regression factor scores 
and the variables were found to be significantly (P<.001) 
correlated with DFR (0.829), NGR (0.673), NVR (0.811), SBL 
(0.840) and NP2R (0.821). 
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Results of PCA of south 2 data extracted four components, 
contributing 85.3% of total variation in the data set. Components 
I, II, III and IV contributed 37.6, 21.9, 14.6 and 11% of 
variations, respectively. Although all the variables were found 
contributing towards discrimination, as evident from high 
component loading scores, relatively high loading scores 
registered by DDF and CFL on comiponent I and OD on 
component II indicate that these variables may be the important 
discriminatory characters (Table 17). An analysis of correlation 
matrix revealed that only few variables showed positive 
correlation with each other. Positive correlation was found 
highest between CFL and DDF (r=0.521, P<.001; Table 18). 
Pearson's correlation performed between the variables and 
regression factors was also found to be positively correlated 
{P<.001) with DDF (0.882), CFL (0.787) and OD (0.899). 
When meristic data was subjected to PCA of south 2 
population, a total of 69.5% of variation was found by the first 
four components, I, II, III and IV, contributing 28.2, 20.8, 11.76 
and 8.73% of variations, respectively, in the data set. High 
component loading scores on SAL, SBL on component I, and 
DFR, NCR, NGR and NVR on component II indicate that these 
variables may be important discriminatory variables in this 
population (Table 19). Analysis of correlation matrix revealed 
that the variables were either positively or negatively correlated 
with each other but highest correlation was observed between 
SBL and SAL, (r= 1.00, P<0.001; Table 20). Pearson's correlation 
performed between the variables and regression factor scores 
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was found to be significantly {P<.01) correlated with these 
variables, SAL (0.947), SBL (0.947), DFR (0.685), NCR (0.702), 
NGR (0.724) and NVR (0.658). Distribution of all four populations 
based on PC scores of morphometric and meristic parameters 
have been shown in Fig. 1 and 2, which clearly indicate the 
relative separation of north and south populations of C. 
punctatus. 
DFA was performed on log transformed morphometric data 
of two north and two south populations. Wilks lamda and F ratio, 
calculated in the first step of analysis, indicate significant values 
for all the variables, contributing towards discrimination in the 
data set. Comparatively lower values of HL, PDL and CFL and 
higher values of F ratio indicate that these characters may be the 
most important discriminatory variables in the data set of all the 
four populations (Table 21). 
Table 22 provides the values of standardized canonical 
discriminant function coefficients. DFA extracted three 
discriminant functions. The first, second and third canonical 
variables contributed 83.3, 15.5 and 1.2%, respectively, to the 
variance. The characters of primary importance in distinguishing 
between the groups were HL (head length), PDL (predorsal 
length) and SL (standard length) for the first, TL (total length) for 
the second and CFL (caudal fin length) for the third canonical 
variable. Using morphometric parameters, each specimen was 
classified correctly to the four groups with an accuracy of 71.7%. 
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The distribution of the population centroid in relation to 
three functions is provided in Fig. 3-6. The relative position and 
location of the population in these plots determine the extent to 
which each population is associated with each discriminant 
function (DF). Fig. 3 is a plot of DFl in relation to DF2 which 
separates the north and south populations in relation to their 
head length (HL), predorsal length (PL), standard length (SL) and 
total length (TL). Fig. 4 is a plot between DF2 and DF3 which 
separates the two populations in relation to the caudal fin length 
(CFL). While Fig. 5 is a plot between DFl and DF3 which shows 
separation between north and south populations, indicating that 
these populations are different from each other on the basis of 
head length, predorsal length and caudal fin length. 
Intrapopulation difference was almost negligible in north 
populations, while such a difference could be seen in south 
population (Fig. 6). 
Fig. 7 depicts the relationship of different populations, with 
morphometric variables in a three-dimensional plot which can be 
used to explain the extent of variation in each variable, of each 
population. South 1 population was different from north 1 and 2 
populations, while it was only slightly different from south 2 
population, indicating towards interpopulation differentiation. It 
had lower head length, predorsal length, caudal fin length and 
compairatively higher total length with respect to north 
population, while south 2 population had higher head length and 
predorsal length and higher caudal fin length. North 1 and 2 
populations showed higher head length, predorsal length and 
medium caudal fin length. The two populations from northern 
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region were found to be different from each other in respect to 
their total length only. North 1 population showed high total 
length while north 2 population showed low total length. 
Square root transformed meristic data matrix of two north 
and two south populations were subjected to discriminant 
function analysis. Calculation of Wilks Lamda and F ratio 
indicates significant values for the scale counts below and above 
the lateral line (SBL, SAL), pelvic fin ray (PIFR) and pectoral fin 
ray {P2FR) coimts (Table 23). Table 24 shows the results of 
discriminant analysis where meristic characters were used. The 
first second and third canonical variables contributed towards 
97.7, 1.9, and 0.4% of variations, respectively. The characters of 
main importance for each canonical variable were scales below 
as well as above the lateral line, and PIFR. The classification 
results showed that 83.5% of the specimens can be correctly 
classified into four groups. 
The distribution of population centroid for the four 
populations in relation to three functions has been shown in Fig. 
(8-10). The relative position and location of the population in 
these plots determine the extent to which each population is 
associated with each function. A plot of DFl in relation to DF2 
separates north and south populations in relation to scales 
above and below the lateral line. The scale count below the 
lateral line was high in both north 1 and 2 populations, while 
scale count above the lateral line was high in north 1 population 
and low in north 2 population (Fig 8). The scale count below the 
lateral line was low in south 2 and high in south 1 population, 
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indicating further towards interpopulation differentiation within 
the south population. 
Plot of DFl and DF3 (Fig. 9) of population centroid 
indicates that although not much differentiation could be 
observed within the north population on the basis of pelvic fin 
ray count, south 2 population was different from south 1, north 
1 and north 2 populations. South 1 population had higher 
number of pelvic fin ray count, while south 2 had lower number 
of pelvic fin ray count; hence intrapopulation differentiation was 
more obvious in south populations. Similarly, the plot between 
DF2 and DF3 (Fig. 10) indicates that although intrapopulation 
difference existed, to some extent, with respect to meristic 
character (SBL) between north populations, this was more 
pronounced in south populations (south 1 and 2). The picture 
becomes more clear in a three-dimensional plot (Fig. 11). It 
depicts that north 1 population was different from north 2 
population in respect to PIFR coimt, while south 1 and 2 
popiolations were different from each other as well as from north 
population, indicating towards distinct interpopulation 
differentiation among the two populations. Although all the four 
populations of C. punctatus differed from each other, south 1 
population was found to be entirely different from the remaining 
three populations, north 1 and 2, and south 2, (Fig. 12). 
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DISCUSSION 
Biometric analysis of morphometric and meristic 
characteristics of four populations of C. punctatus revealed 
variability both within and between the population of this 
species. This variability was also evident from the values 
obtained from coefficient of variation of raw untransformed data. 
Similarly, when the data was transformed, to remove the effect of 
allometric growth, coefficient of variation depicted intra-sample 
variation, indicating that different phenotypic groups may be 
present in each sample. 
Karakousis et at (1991) who studied seven populations of 
brown trout, Salmo trutta, found extensive inter- and intra-
population differences among all the populations. Their study 
suggested that although both morphometric and meristic 
parameters were important for assessment of variations in the 
population, meristic characteristics may provide a more accurate 
scale for differentiation. Sharp et al. (1978) performed 
discriminant function analysis of morphometric and meristic 
characters in samples of capeUn, Mallotus villosus. Their results 
indicated that analysis of morphometric characters provide 
strong statistical separation between areas, while meristic 
characters offer little potential for stock identification. In the 
present study, however, both morphometric and meristic 
parameters were found important, contributing towards 
discrimination within and between the four fish populations. 
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According to Soule and Couzin-Roudy (1982), there should 
be a negative correlation between the coefficient of variation and 
estimates of heritability of morphological characters. High 
coefficient of variation indicates low heritability and 
proportionally higher contribution of environmental variance to 
morphological variability. Karakousis et al. (1991) noted higher 
coefficient of variation in morphometric than meristic 
characteristics of S. tnitta. It is known that in salmonids the 
meristic characters have greater heritability (Leary et ah, 1985; 
and Beacham and Murray, 1986). In the four populations of C. 
punctatus examined during the present study, the values of 
coefficient of variation did not differ much between morphometric 
and meristic characters (Wilcoxon test, Z= 1.826, P>.05), hence 
both morphometric as well as meristic characters seemed to have 
greater heritability in this species. Intersample heterogeneity 
among the four populations of C. punctatus was also observed 
from the analysis of variance. All the morphometric and meristic 
characters, except the number of gill raker count, were found to 
vary significantly among the four populations. 
Traditionally, data for morphometric characters are 
generally analysed without making corrections for allometric 
variations within the populations. Although the use of ratios is 
an established technique in fish morphometries, its reliability 
has been questioned because of the effect of correlation between 
numerator and denominator (Atchley and Anderson, 1978; and 
Reist,. 1985). One of the most important developments in 
evaluating morphometric and meristic variability is multivariate 
analysis. In the present set of data on C. punctatus, PCA and 
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DFA were performed. PCA was performed on a correlation matrix 
instead of variance covariance matrix. Causton (1988) has 
reported that in such studies, when all characters are measured 
on equal basis in both ways, PCA carried out on correlation 
matrix manifests the true loadings. PCA was presented here as a 
useful multivariate statistical procedure for viewing multi-
character variability within and among the groups of fish, 
contributing towards discrimination in each population. 
PCA of morphometric and meristic data provided a clearest 
distinction between all the four populations of C. punctatus. 
Although morphometric parameters provided clearer distinction 
among areas, meristic parameters were equally important in 
separating the north and south populations of this fish. 
According to Sharp et al. (1978), multivariate analysis of 
morphometric data provided strong statistical separation 
between areas while analysis of meristic parameters provided no 
evidence of discrete stocks of M. uillosus, Morphometric and 
meristic data of black sea bass, M. saxatilis were analyzed by 
principal component analysis, revealed that meristic comparison 
provide greater separation between geographic areas than did the 
morphometries (Shepherd, 1991). Results of the present study, 
however, revealed that both morphometric and meristic 
parameters were important in identifying the different groups of 
population. The differences observed in the morphometric and 
meristic characteristics of C. punctatus from the southern and 
northern regions of the country may be the result of 
environmental factors, reflecting phenotypic plasticity. 
Environmental conditions such as water temperature are known 
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to affect the meristic count during larval development in several 
fish species (Barlow, 1961; Fahy, 1980, 1982, 1983). Therefore, 
the area-linked differences in meristics reflect differences in 
different geographic origins of the larvae. 
The discriminant analysis carried out during the present 
study demonstrates that although the four populations of C. 
punctatus were distinct, there was more clear distinction between 
north and south populations. DFA also revealed that both 
morphometric and meristic parameters were important for stock 
identification of this species. The discriminant analysis of seven 
populations of S. trutta demonstrated that morphometric 
characters have a lower ability to discriminate the population, 
while distinction becomes clearer when meristic parameters are 
used in the analysis (Karakousis et al, 1991). MacCrimmon sind 
Claytor (1985) and Clajrtor and MacCrimmon (1988) reached on 
similar conclusion for the Atlantic salmon, Salmo salar. 
The abUity of morphometric discriminant fionction to 
correctly classify individuals in the present investigation 
compares favorably with the results obtained on several other 
fish species. In C punctatus, 71.1% of the specimens could be 
correctly classified into one of the four areas, using six 
morphometric characters. Roby et al (1991) obtained 
classifications that ranged between 8-70% for eight groups of M. 
uillosus, using four morphometric characters. White hake 
{Urophycis tenuis) from two different stocks were correctly 
classified in 8 1 % (female) and 84% (male) of the cases, using six 
morphometric characters (Hurlbut and Clay, 1998). Striped bass 
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(M. saxatilis) from two different regions were classified in 88% of 
the cases, using a produced set of truss characters (Waldman et 
al, 1997). 70-90% female and male hoki {Macruronus 
novaezelandiae) were correctly assigned to two spawning areas, 
using four and five morphometric characters, respectively 
(Livingston and Schofield, 1996). Morphometric variations in 15 
characters of red mullet [Mallus barbatus) was studied, using 
discriminant function £inalysis, and the result revealed that 
about 80% of the examined fish could be correctly classified into 
seven areas (Mamuris et al, 1998). Step-wise discriminant 
function analysis of sand skate {Psammobatis extenta) separated 
the sexes and was able to correctly classify 90.8% of the original 
group cases (Braccini and Chiaramonte, 2002). 
In this study on C. punctatus, meristic discriminant 
functions correctly classified 83.5% of individuals into one of the 
four areas, indicating that meristic parameters are also 
important for discriminating popiilations or groups. Sharp et al. 
(1978) and Misra and Carscadden (1987) observed that meristic 
characters offered little potential for identification of capelin 
stocks in Canadian Atlantic waters. In contrast. Shepherd (1991) 
found that meristic characters provided greater separation 
between geographic areas than did morphometries for black sea 
bass {Centropristis striata). To sum up, the present study 
demonstrated the utility of both the morphometric and meristic 
parameters, and application of different multivariate methods, 
such as PCA and DFA, for defining regional stocks of C. 
punctatus. However, further verification of stock structure of this 
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species based on larger sample size from several different 
geographical regions would be needed. 
SUMMARY 
Intra- and interpopulation differentiation have been 
investigated in common freshwater pond murrel, Channa 
punctatus, from two different regions of North and South India, 
using a pool of morphological (morphometric and meristic) 
characters. Two populations from north (north 1 and 2) and two 
from south (south 1 and 2) were examined. Multivariate Analysis 
such as Principal Component Analysis (PCA) and discriminant 
Function Analysis (DFA) were employed as diagnostic tool to find 
out variability and differentiate between and among the regional 
stocks. 
All morphometric and meristic characters were 
transformed/standardized. Coefficient of variation (C.V.p) and 
ANOVA were performed on transformed data. C.V.p of all four 
populations differed little among the samples (Kruskal-Wallis H 
test, h=0.392, P>0.05). ANOVA revealed that all morphometric 
and meristic parameters, except one (gill raker count), 
significantly differed among all the four populations. 
Results of PCA revealed both inter- and intrapopulation 
differentiation among the four populations of C. punctatus. Step-
wise DFA performed on 283 samples indicated that head length 
(HL), predorsal length (PDL) and caudal fin length (CFL) were the 
most important variables contributing towards discrimination in 
all the four populations of fish, as evident from low values of 
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Wilks Lambda and high values of F ratio. The disti-ibution of the 
populations, based on tiie results of population centroid, 
depicted inter and intrapopulation difference. Similarly, based on 
DFA results, it was found that scales above and below the lateral 
line (SAL & SBL), and pelvic and pectoral fin ray counts were the 
important discriminatory variables for meristic characters among 
all the four populations of this species. Both the north and south 
populations were different from each other, indicating towards 
interpopulation differentiations. Although intrapopulation 
differentiations were observed in both north and south 
populations, clearer intrapopulation differentiation was evident 
in fish populations from South of India. 
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Table 1. List of variables and their abbreviations 
Morphometric 
Total Length 
Standard length 
Oibit diameter 
Caudal fin length 
Depth through dorsal fin 
Head length 
Meristic 
Lateral line scale count 
Scales above lateral line 
Scales below lateral line 
Scales before dorsal fin 
Number of gill rakers 
Dorsal fin ray count 
Pelvic fin ray count 
Ventral fin ray count 
Pectoral fin ray count 
Caudal fin ray count 
Abbreviations 
TL 
SL 
OD 
CFL 
DDF 
HL 
LLS 
SAL 
SBL 
SBD 
NGR 
DPR 
PIFR 
NVR 
NP2R 
NCR 
Table 2. Average measurements of morphometric characters of the four 
populations 
Variables 
TL 
PDL 
OD 
DDF 
CFL 
HL 
Northl(n=102) 
16.23(.285) 
5.07(.177) 
.541(.042) 
2.78(.202) 
2.24(.269) 
4.61(.229) 
C.V.p (transfonned) 2.94 
C.V.p (untransformed) 10.55 
North2(n=82) 
16.21(.387) 
5.22(.337) 
.608(.056) 
3.03(.302) 
2.69(.391) 
4.85(.349) 
4.43 
18.78 
Southl(n=30) 
13.31(.256) 
3.95(.175) 
.499(.287) 
2.34(.135) 
2.12(.154) 
3.63(.179) 
3.46 
16.78 
South2(n=69) 
15.77(.672) 
4.55(.319) 
.522(.031) 
2.6(.325) 
2.38(.322) 
4..02(.313) 
5.375 
20.2 
N = sample size, C.V.p and C.V.p is multivariate generalization of the coefficient of 
variation of transformed and untransformed data 
Figures in parenthesis are the standard deviation 
Table 3. Average measurements of meristic characters of the four populations 
Variables 
LLS 
SAL 
SBL 
SBD 
NGR 
DFR 
PIFR 
NVR 
NP2R 
NCR 
Northl(n=102) 
37.22(.659) 
3.93(.254) 
9.55(.56) 
10.96<.716) 
6.75(.764) 
30.16(.741) 
5.93(.254) 
20.72(.677) 
16.17(.817) 
14.41(.8484) 
North2(n=82) 
37.59(2.382) 
3.53(.5025) 
9.59(.5178) 
11.24(.6585) 
6.817(.7719) 
30.57(1.305) 
5.62(.4879) 
21.09(.8694) 
15.23(.9975) 
14.67(.9435) 
Southl(n=30) 
38.58(.7648) 
3.09(.3005) 
9.09(.3005) 
10.86(.6187) 
6.61(.4951) 
30.74(.7732) 
5.97(.1796) 
21.26(.8152) 
15.45(.568) 
14.55(.624) 
South2(n=69) 
37.59(1.135) 
3.32(.473) 
9.32(.473) 
11.1(.64) 
6.63(.6179) 
30.6(.9214) 
5.71(.455) 
21.26(.7743) 
15.63(.837) 
14.7(.7867) 
C.V.p 3.5 5.78 3.06 3.91 
Figures in parenthesis are the standard deviation 
Table 4 Result of Analysis of variance (ANOVA) of morphometric and meristic 
characters among the four population studied, d.f = 3^79 
Morphometric characters 
Total Length 
Standard length 
Predorsal length 
Oifoit diameter 
Caudal fin length 
Depth through dorsal fin 
Head length 
Meristic characters 
Lateral line scale count 
Scales above the lateral line 
Scales below the lateral line 
Scales before the dorsal fin 
Number of gill rakers 
Dorsal fin ray count 
Pelvic fin ray count 
Ventral fin ray count 
Pectoral fin ray coimt 
Caudal fin ray coimt 
F 
41.56 
32.75 
80.41 
47.98 
63.92 
16.133 
105.535 
7.588 
50.86 
3266.89 
3.694 
1.118 
4.925 
13.079 
8.229 
17.995 
2.641 
P 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.001 
<.01 
>.01 
<.01 
<.001 
<.001 
<.001 
<.05 
Table 5. Principal Component Analysis of north 1 population of morphometric 
variables showing component loading scores of four principal components 
and their percent of variation 
Variables Component 
PCI pen pcm PC IV 
TL 
PDL 
OD 
CFL 
DDF 
HL 
.341 
.787* 
.537 
.336 
.546 
.869* 
.770* 
-.215 
.071 
.746* 
-.369 
-.208 
.069 
.013 
-.740 
.257 
.517 
-.057 
-.053 
-.473 
.387 
-.095 
.524 
-.156 
Percent of 36.5 22.9 14.75 11.4 
total variance 
Cumulative 85.6 
variance 
*Important contributor to the component 
Table 6. Pearson's correlation coefficient between morphometric variables of 
north 1 population 
Variables TL PDL OD CFL DDF HL 
Total Length(TL) 1.000 
Predorsal Length(PDL) 0.097 
Orbit Diameter(OD) 0.144 
Caudal Fin Length(CFL) 0.433 
Depth through (DDF) -0.025 
Dorsal fin 
Head Length(HL) 0.139 0.666** 0.360 0.117 0.422 1.000 
1.000 
0.245 
0.098 
0.294 
1.000 
0.104 
0.091 
1.000 
0.032 1.000 
Table 7. Principal Component Analysis of north 1 population of meristic 
variables showing component loading scores of four principal components 
and their percent of variation 
Variables Component 
PCI p e n PC III PC IV 
DFR 
LLS 
NCR 
NGR 
NP2R 
NVR 
PIFR 
SAL 
SBD 
SBL 
Percent of 
total variance 
Cumulative 
vanance 
.648* 
.638* 
.491 
.380 
.372 
.647* 
.431 
.047 
-.129 
-.018 
19.7 
55.3 
-.245 
.170 
-.379 
.359 
.465 
.162 
-.361 
.633* 
.321 
.489 
14.7 
.477 
-.093 
-.222 
-.257 
-.421 
.386 
-.272 
-.160 
.012 
.559* 
10.9 
.238 
.257 
-.093 
-.128 
.063 
-.164 
-.061 
-.255 
.834* 
-.216 
9.9 
"Important contributor to the component 
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Table 9. Principal Component Analysis of north 2 population of morphometric 
variables showing component loading scores of four principal components 
and their percent of variation 
Variables Component 
PCI pen PC HI PC IV 
TL 
PDL 
OD 
CFL 
DDF 
HL 
.552 
.592 
.344 
.607 
.711* 
.661 
-.659 
.206 
.341 
-.621 
.294 
.442 
.234 
-.072 
.852* 
-.116 
-.069 
-.392 
.182 
.721* 
-.0715 
-.237 
-.482 
.024 
Percent of 
total variance 
34.7 21.0 15.9 14.1 
Cumulative 
variance 
85.8% 
"Important contributor to the component 
Table 10. Pearson's correlation coefficient between morphometric variables of 
north 2 population. 
Variables TL PDL OD CFL DDF HL 
Total Length(TL) 1.000 
Predorsal Length(PDL) 0.220 1.000 
Ort)itDiametei<OD) 0.112 0.148 1.000 
Caudal Fin Leiigth(CFL) 0.507** 0.123 -0.027 1.000 
Depth through (DDF) 0.118 0.210 0.249 0.297 1.000 
Dorsal fin 
Head Length(HL) 0.057 0.370 0.096 0.156 0.477 1.000 
Table 11. Principal component analysis of north 2 population of meristic 
variables showing component loading scores of four principal 
components and their percent of variation 
Variables Component 
PCI pen PC III PC IV 
DFR 
LLS 
NCR 
NGR 
NP2R 
NVR 
PIFR 
SAL 
SBD 
SBL 
.419 
.307 
337 
.694* 
.277 
.567 
.588* 
.599* 
,375 
,186 
-.514 
.382 
-.574 
.189 
.696* 
-.416 
.421 
.0356 
-.280 
.216 
-.280 
-.538 
-.203 
.135 
-.186 
-.035 
.202 
-.235 
.631* 
.620* 
-.431 
.296 
.279 
-.271 
-.026 
.369 
.409 
-.459 
.178 
.263 
Percent of total 
variance 17.1% 16.1% 14.8% 14.4% 
Cumulative 
variance 
62.6% 
•Important contributor to the component 
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Table 13. Principal Component Analysis of south 1 population of morphometric 
variables showing component loading scores of four principal components 
and their percent of variation 
Variables Component 
PCI pen pcm PC IV 
TL 
PDL 
OD 
CFL 
DDF 
HL 
Percent of 
total variance 
Cumulative 
vanance 
.414 
.847* 
.551 
.144 
.657 
.848* 
39.4 
88.5 
.772 
-.192 
-.393 
.845* 
.019 
-.075 
25.1 
.01 
-.027 
.560 
.257 
-.658 
.124 
13.8 
.355 
-.398 
.417 
-.239 
.246 
-.197 
10.2 
*Important contributor to the component 
Table 14. Pearson's correlation coefficient between morphometric variables of 
south 1 population. 
Variables TL PDL OD CFL DDF HL 
Total Length(TL) 1.000 
Predorsal Length(PDL) 0.066 1.000 
Orbit Diameter(OD) 0.012 0.391 1.000 
Caudal Fin Length(CFL) 0.510 0.066 -0.123 1.000 
Depth through (DDF) 0.266 0.483 0.155 -0.029 1.000 
Dorsal fin 
Head Length(HL) 0.300 0.691** 0.392 0.020 0.350 1.000 
Table 15. Principal Component Analysis of south 1 population of meristic 
variables showing component loading scores of four principal components and 
their percent of variation 
Variables Component 
PCI p e n PC HI PC IV 
DFR 
LLS 
NCR 
NGR 
NP2R 
NVR 
PIFR 
SAL 
SBD 
SBL 
Percent of 
total variance 
Cumulative 
variance 
.701 
-.148 
.549 
.715* 
-.132 
.725* 
-.284 
-.441 
.176 
.247 
22.3 
65.6 
.143 
.097 
.491 
-.260 
.445 
-.042 
.338 
.576 
.526 
.722* 
17.8 
.356 
.577 
-.459 
.047 
.098 
.261 
.494 
-.068 
.471 
-.358 
13.68 
.290 
-.344 
-.358 
.076 
.685* 
.255 
-.200 
.394 
-.296 
-.153 
11.7 
''Important contributor to the component 
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Table 17. Principal Component Analysis of south 2 population of morphometric 
variables showing component loading scores of four principal components 
and their percent of variation 
Variables Component 
PCI p e n PC HI PC IV 
TL 
PDL 
OD 
CFL 
DDF 
HL 
Percent of 
total variance 
Cumulative 
variance 
.649 
.669 
.018 
.773* 
.747* 
.487 
37.6 
85.3 
-.390 
.116 
.866* 
-.240 
.105 
.579 
21.9 
.354 
.590 
.295 
-.210 
.400 
-.336 
14.6 
.425 
-.176 
-.157 
-.224 
-.320 
.552 
11 
*Important contributor to the component 
Table 18. Pearson's correlation coefficient between morphometric variables of 
south 2 population 
Variables TL PDL OD CFL DDF HL 
Total Lengthen,) 1.000 
Predorsal Length(PDL) 0.398 1.000 
Orbit Diameter(OD) -0.192 0.156 1.000 
Caudal Fin Length(CFL) 0.413 0.332 -0.141 1.000 
Depth through (DDF) 0.234 0.325 0.010 0.521** 1.000 
Dorsal fin 
Head Length(HL) 0.122 0.178 0.256 0.197 0.352 1.000 
Table 19. Principal Component Analysis of south 2 population of meristic 
variables showing component loading scores of four principal components and 
their percent of variation 
Variables Component 
PCI PCII PC III PCIV 
DFR 
LLS 
NCR 
NGR 
NP2R 
NVR 
PIFR 
SAL 
SBD 
SBL 
Percent of 
total variance 
-.0922 
-.652 
.179 
-.256 
.205 
.105 
-.696 
.907* 
.329 
.907* 
28.2 
.725 
.102 
.644* 
.691* 
.378 
.664* 
.098 
.0196 
.247 
.0196 
20.8 
.201 
.370 
-.089 
-.147 
-.541 
.042 
.506 
.297 
.493 
.297 
11.76 
.031 
.024 
-.309 
-.187 
.553 
-.083 
-.021 
-.147 
.620 
-.147 
8.73 
Cumulative ,„ ^„, 
oy . j yo 
variance 
''Important contributor to the component. 
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Table 21. Wilks Lamda ((/-Statistics) and F ratio of morphometric variables used 
in Discriminant Function Analysis of all four populations (d.f =3^79) 
Variables 
Caudal fin length 
Depth through dorsal fin 
Head length 
Oifoit diameter 
Predorsal length 
Standard length 
Total length 
Wilks 
Lamda 
.593* 
.852 
.468* 
.660 
.536* 
.740 
.691 
F ratio 
63.927 
16.133 
105.535 
47.981 
80.412 
32.750 
41.56 
Significance 
level 
.000 
.000 
.000 
.000 
.000 
.000 
.000 
*shows highly significant values of Wilks Lamda (LZ-statistics) 
Table 22. Standardized Canonical Discriminant Function coefficients and tlieir 
percent of variation at each morphometric variables of all four 
populations 
Variables 
CFL 
DDF 
HL 
OD 
PDL 
SL 
TL 
Percent of total 
variance 
DPI 
.357 
-.737 
1.257* 
.203 
1.103* 
-1.462* 
-0.109 
83.3 
DF2 
.392 
.771 
-.141 
.752 
-.107 
.456 
-1.908* 
15.5 
DF3 
.984* 
-.066 
-.816 
.103 
-.017 
4.263 
-3.62 
1.2 
*shows important variable at each discriminant function 
Table 23. ffllks Lambda (^/-statistics) and F ratio of meristic variables used in 
Discriminant Function Analyses of all four populations (df= 3^79) 
Variables 
DFR 
LLS 
NCR 
NGR 
NP2R 
NVR 
PIFR 
SAL 
SBD 
SBL 
Wilks Lamda 
.951 
.920 
.973 
.988 
.832* 
.917 
.876* 
.649* 
.959 
.028* 
F Ratio 
4.829 
8.070 
2.566 
1.113 
18.855 
8.450 
13.227 
50.511 
4.021 
3275.0 
Significance Level 
.003 
.000 
.05 
.344 
.000 
.000 
.000 
.000 
.008 
.000 
* shows highly significant values of Wilks Lambda ([/-statistics) 
Table 24. Standardized Canonical Diseriminant Function coefficients and their 
percent of variation at each meristlc variable of all four populations 
VARIABLES 
LLS 
NP2R 
NVR 
PIFR 
SAL 
SBD 
SBL 
DFl 
.113 
-.027 
-.035 
.123 
-.405 
-.122 
1.131* 
DF2 
-.436 
.443 
-.345 
.397 
.724* 
-.218 
-.063 
DF3 
.154 
.352 
.040 
.608* 
-.442 
-.404 
.014 
Percent of variation 97.7 1.9 0.4 
*shows important variable at each component 
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CHAPTER-II 
CHAPTER II 
Multivariate analysis of truss measured characters of 
Chctnna punctatus (Bloch) from two different locations 
of north India 
INTRODUCTION 
Genetically distinct populations within the species are 
unique biological entitities that are commonly referred to as 
stocks. It is important to identify the geographic ranges and 
determine some of the basic characteristics of such units to 
manage them better in fisheries (Ihssen et ah, 1981). 
Combinations of genetic and environmental factors are 
known to modify growth processes, inducing morphometric 
variation (Wright, 1932 and Barlow, 1961). Multivariate 
techniques particularly principal component analysis (PCA), 
summarize patterns of morphometric variation (Jolicouer and 
Mossiman, 1960; and Teisser, 1960); and principal component 
from morphometric data are interpreted as patterns of 
covariation in size and shape (Gibson et al, 1976; Baker, 1980). 
Thus, morphometric and meristic parameters were mostly used 
in the past for identifying fish stocks. The box truss method of 
body form reconstruction (Strauss and Bookstein, 1982) provide 
a means of comprehensively covering a form of a series of short 
segments, measured parallel, perpendicular and obliquely to the 
principal body axis without repetition. Comparisons of 
traditionally measured finfish dimensions to box truss distances 
showed that trussed data discriminated more accurately groups 
of individuals, such as freshwater sculpins, Cottus sps; (Strauss 
and Bookstein, 1982), Chinook salmon Onchorynchus 
tshwytscha (Winans, 1987), Pacific herring, Clupea harengus 
(Schweigert, 1990) and capelin, Mallotus iMlosus (Roby et 
a/., 1991). Landmark method have also been used to study intra-
specific morphometric variation between population of 
stickleback, Gastrosteatus aculeatus (Walker, 1996, 1997), 
between groups of cultured sea bass, Dk:entrarchrus labarax (Loy 
et ah, 1996) and between lacustrine brook charr, Salvelinus 
fontinalis (Dynes et al., 1999). 
The ecological role of Channa punctatus in the food web as 
commercially exploited species justifies the need for 
understanding its population dynamics. A sustainable 
exploitation of this species requires knowledge of its stock 
structure in order to define appropriate management unit stocks. 
Apart from the comparison of length frequency distribution from 
different areas, use of morphological parameters has not been 
reported upon as a tool for differentiating populations of C. 
punctatus. The present study uses truss measured morphological 
data to compare population samples of C. punctatus from two 
different locations of north India. 
MATERIALS AND METHODS 
Samples of C punctatus, north 1 (n=54), north 2 (n=49), 
were obtained from two different locations (East and West Uttar 
Pradesh) of North India. The specimens were measured using 
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truss bodyform reconstruction method as described by Humpries 
et al (1981). Twenty one homologous distances were measured 
on each individual. PCA was employed to express the overall 
variation in the data as well as to compare the two populations, 
to ascertain whether they belong to the same or different stocks. 
Data analysis 
To understand stock differentiation in C. punctatus, based 
on morphometric characters, the data were subjected to PCA. All 
quantitative data in the data matrix were transformed using Log 
transformation, and standardized following Zar (1984). Factor 
analysis was used to reduce the dimensionality of the 
morphometric variables and this was done on two sets of 
population from the northern region. PCA extracted five principal 
components. The first three factors were used for interpretation 
as these explained the maximum variations in the data set. PCA 
was performed using Varimax rotation, and factor scores were 
saved. Extracted factors were subjected to Pearson's correlation 
analysis with morphometric variables to find out significant 
correlations between fish morphometric variables and factors. 
The two population plots were plotted in three-dimensional 
spaces defined by PC I, PC II and PC III. All extracted factors with 
eigen values of > 1 were saved and used for the logistic 
regression analysis. 
RESULTS 
Results of the PCA of north 1 and 2 populations of C. 
punctatus have been shown in Table 1. The first five components 
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explained 68.3% of variations. The first factor accounted for 19.8% 
of variation while the second and third factors accounted for 15.9 
and 12.8% of variations respectively (Table 1). The first factor was 
highly positively correlated with dorsal fin insertion to ventral fin 
insertion (DFIVFI) (r=.868 P<.001), dorsal caudal fin origin to 
ventral caudal fin origin (DCOVCO) (r=.861, P<0.001), dorsal 
caudal fin insertion to caudal fin origin (DCICFO) (r= 0.839, 
P<0.001) and dorsal caudal fin origin to ventral fin insertion 
(DCOVFI) (r=.704, P<0.001). The second factor was highly 
positively correlated with post dorsal extension of neurocranium 
to ventral fin origin (PDENVO) (r=.810, P<.001), dorsal fin origin 
to ventral fin insertion (DFOVFI) (r=.762, P<.001), dorsal fin 
origin to dorsal fin insertion (DFODFI) (r=.761, P< .001) and 
snout to pelvic fin origin (SNPO) (r= 0.719 P<.001). Similarly, the 
third factor was highly positively correlated with maxillaiy length 
(ML) (r= ,814, P<.001), ventral fin insertion to ventral fin origin 
(VFIVFO) (r=.811, P<.001) and dorsal head length (DHL) (r=.706, 
P<.001). Fig. 1 shows the distribution of two fish populations in 
three-dimensional plot in relation to the gradients of first, second 
and third principal components which indicate intrapopulation 
variation but interpopulation differentiation could not be 
observed. Fig. 2a depicts the plot between PC I and II. The 
gradient of PC I was identified by DFIVFI, DCOVCO, DCICFO, 
and DCOVFI. The gradient of PC II was identified by PDENVO 
DFOVFI and SNPO. In the two populations, the above 
parameters seemed contributing towards the variation. Both the 
populations had medium DFIVFI, DCOVCO, DCICFO and 
DCOVFI, and high PDENVO, DFOVFI, DFODFI and SNPO. Fig. 
44 
2b depicts a plot between PC I and III. The gradient of PC III was 
identified by ML, VFIVFO and DHL. Both the populations had 
medium ML, VFIVFO and DHL, as well as medium DFIVFI, 
DCOVCO, DCICFO and DCOVFI. Fig. 2c, a plot between PC II 
and III, depicts high PDENVO, DFOVFI, DFODFI and SNPO, 
medium ML, VFIVFO and DHL. The logistic regression model had 
an efficiency of 52.43% correct classification of the two north 
populations (north 1 and 2) of C. punctatus. 
DISCUSSION 
Hanfling and Brandl (1998) studied genetic and 
morphological variability of common Eiiropean cyprinid, 
Leusciscus cephalus, within and across the European drainages. 
Their result indicated high variability within sites and low level of 
differentiation among sites. Casselman et al. (1981) studied 
different populations of Lake whitefish {Coregonus clupeafermis) 
from lake Huron. Their results suggested that the variability were 
not different enough to consider them distinct for management 
purposes. 
In the present study on C. punctatus, intra-population 
differentiation in morphological parameters were distinctly 
evident in the two populations from north India. Inter-population 
differences could not be observed. The study revealed that these 
populations had higher dorsal fin length, and medium head and 
ventral fin length. Dynes et al. (1999) studied morphological 
variations between two forms of lacustrine brook charr, S. 
fontinalis, and observed shorter dorsal fin in pelagic individuals, 
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suggesting towards a functional relationship between dorsal fin 
morphology and habitat preferences. 
Creech (1992) studied morphometric variation between a 
population of Atherina boyeri and A. presbyter, using multiple 
group PCA and box truss method of bodyform reconstruction. 
Their study revealed that morphometric differences were present 
between the two species, while Bamber and Henderson (1985) 
proposed that A. presbyter was synonymous on the basis of lack 
of morphological parameters which discriminated the two 
species, hence truss bodyform reconstruction method, using 
multivariate analysis, provided an appropriate tool for 
differentiating stocks or population. PCA of 21 morphological 
measurements discriminated two species of Oreoleuciscus, O. 
potanini and O. humilis (Golubstov et al, 1999). Elliot et al. 
(1995) studied morphometric variation in orange roughy, 
Hoplostethus atlanticus. Multivariate analysis was performed to 
analyse the data and significant variation in the morphology 
observed in fish caught from different geographic aggregations. 
SUMMARY 
Principal Component Analysis (PCA), a multivariate 
method, was performed on two sets of data of t russ measured 
morphological parameters on Channa punctatus, collected from 
two different locations(East and West Uttar Pradesh) of north 
India. 
PCA extracted five components explaining 68.3% of total 
variations in the data. The variable which were found to 
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correlate with first 3 components were dorsal fin insertion to 
ventral fin insertion (DFIVFI), dorsal caudal fin origin to ventral 
caudal fin origin (DCOVCO), dorsal caudal fin insertion to caudal 
fin origin (DCICFO), dorsal caudal fin origin to ventral fin 
insertion (DCOVFI), post dorsal extension of neurocranium to 
ventral fin origin. (PDENVO), dorsal fin origin to ventral fin 
insertion (DFOVFI), dorsal fin origin to dorsal fin insertion 
(DFODFI), snout to pelvic fin origin (SNPO), maxillary length 
(ML), ventral fin insertion to ventral fin origin (VFTVFO) and 
dorsal head length (DHL). 
The result of PCA revealed intrapopulation differentiation 
but interpopulation differentiation could not be observed hence 
the two populations did not appear distinct enough to be 
grouped as sepsirate stocks. The study also indicated that the 
two populations had higher dorsal fin length and medium head 
and ventral fin length. 
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Table 1. Results of PC A of north 1 and 2, populations of C. punctatus 
Component Loading 
Morphometric 
variables 
DCICFO 
DCOVCO 
DCOVFI 
DFIDCFO 
DFIVFI 
DFIVFO 
DFODFI 
DFOPFO 
DFOVFO 
DHL 
EJPO 
ML 
PDENDO 
PDENEJ 
PDENPO 
PDENVO 
SNPO 
DFOVFI 
VFICFO 
VFIVFO 
VFOPFO 
Percent of 
Variance 
Cumulutive 
variance 
1 
0.839* 
0.861* 
0.704* 
0.323 
0.867* 
0.690 
0.015 
0.616 
0.242 
0.184 
0.063 
0.075 
0.239 
0.402 
0.239 
0.103 
-0.099 
0.113 
0.054 
0.262 
0.146 
19.8 
68.3 
II 
0.027 
0.104 
0.165 
-0.227 
0.081 
-0.102 
0.760* 
-0.492 
0.294 
0.121 
-0.081 
0.319 
0.010 
-0.372 
0.0791 
0.809* 
0.719* 
0.761* 
0.089 
0.033 
0.556 
15.9 
Hi 
0.129 
0.103 
0.148 
0.361 
0.048 
0.357 
0.131 
0.309 
0.200 
0.706* 
-0.022 
0.813* 
-0.020 
0.461 
0.166 
-0.148 
0.314 
0.193 
-0.010 
0.810* 
0.1251 
12.8 
IV 
0.206 
0.040 
0.301 
-0.067 
-0.131 
0.269 
0.441 
0.156 
0.707 
0.283 
0.197 
0.012 
-0.204 
0.422 
0.129 
0.048 
-0.096 
0.443 
0.631 
0.047 
0.495 
10.2 
V 
0.088 
0.098 
0.225 
0.307 
0.154 
0.206 
-0.160 
0.173 
-0.048 
-0.239 
0.644 
0.064 
0.784 
0.085 
0.678 
0.155 
0.044 
-0.086 
0.231 
0.180 
-0.130 
9.4 
* important contributor to the component 
PDENVO, DFOVFI 
Low > high 
DFODFI, SNPO 
DFIVFI, DCOVqO 
Low > 
DCICFO. DCOX^I 
Fish Population 
Fig. 1. Three dimensional plot of PC scores of two fish populations 
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CHAPTER-III 
CHAPTER III 
Study of s t o c k structure of north and south populations 
of Channa punctatus (Bloch), based on truss bodyform 
reconstruct ion method 
INTRODUCTION 
Channa punctatus, a member of the family Channidae is 
one of the commonest freshwater fishes of India. Although the 
fish has a wide distribution, its largest concentration is found in 
the plains of northern India (Qayyum and Qasim, 1962). 
The population structure of C .punctatus in southern and 
northern Indian waters is not well defined; hence knowledge of 
stock structure identification of the fish from the two regions is 
of paramount importance for sustainable exploitation of this 
species. Morphometric, meristic and truss data have been 
analyzed in previous chapters for inter- and intra-specific stock 
separation. Morphological characters have proven useful in stock 
separation of several other fish species such as Atlantic herring 
(Clupea harengus harengus), silver hake [Merluccius bilinearis), 
capelin [Mallotus vUlosus), and summer flounder, [Paralichthys 
dentatus) (Parsons, 1972; Sharp et al, 1978; Wilk et al, 1980; 
and Almeida, 1987). 
Morphological variability has been used to study 
taxonomic and stock relationship both in marine as well as 
freshwater fishes (Winans, 1984; Parmanne, 1990; Karakousis et 
al., 1991; Schaefer, 1991; Sheperd, 1991; and Creech, 1992). 
Some phenotypic studies have shown variability between 
samples where no genotypic differentiation could be found (Leslie 
and Grant, 1990; and Roby et al, 1991). 
In the past, morphometric investigations were based on 
traditional morphometric and meristic characters as described 
by Hubbs and Lagler (1947). These conventional morphometric 
measurements were mostly made along the anterior-posterior 
body axis, head and caudal peduncle regions, which were likely 
to produce uneven and biased areal coverage. Lately, the use of 
truss pattern, which employs a system of measurement between 
many external landmarks, has become useful for this purpose 
(Schweigert, 1990). There is increasing evidence that t russ 
method is much more reliable in describing the morphological 
variations between closely related fish taxa with respect to 
traditional measurements (Strauss and Bookstein, 1982; 
Winans, 1984; and Cataudella et al, 1987). This method 
produces a more systematic geometric characterization of fish 
shape. 
The present study attempts to compare samples of C. 
punctatus from two geographically separated regions of north 
and south India, using multivariate morphometry with truss 
body from reconstruction method. Multitivairiate morphometry 
has become a widely used approach in ichthyology to detect 
patterns of phenetic relationship between taxa (Humphries et al, 
1981; Johnson et al, 1983; Libosvarsky and Kux, 1982: Shaklee 
and Tamaru, 1981; Strauss and Bookstein, 1982; and Winans, 
1984). 
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MATERIALS AND METHODS 
Data collection 
Three distinct geographically separated populations of C. 
punctatus, two from the northern north 1 (n =63), north 2 (n=65) 
and one from the southern (n =56) regions of India, were sampled 
from commercial catches. The fish samples were brought to the 
laboratory and measured for their morphological characters. Fish 
showing excessive curvature was discarded. The form of each 
individual was characterized by 10 homologous landmarks. 
These landmarks, points of insertion and origin of fins and 
anatomical features of head, were the same as described by 
Winans (1984), Bookstein et al. (1985), Winans and Nishioka 
(1987), and Corti et al (1988). Anatomical landmarks are 
considered as true homologous points, identified by some 
consistent features of the morphology (Strauss and Bookstein, 
1982). The ten landmarks connect to form the box truss, four 
contiguous quadrilaterals, each containing a pair of internal 
diagonals, producing 21 homologous distance characters 
encompassing the entire bodyform of the fish. 
The 21 characters were measured to the nearest .01 mm 
using an electronic digital caliper. Each measured character was 
Log transformed and standardized to reduce the magnitude of 
the variance between the populations. 
Data analysis 
To investigate the factors governing the distribution of the 
fish species on morphological basis, Discriminant Function 
Analysis (DFA) was performed. The DFA provides an appropriate 
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multivariate statistical technique for separation of groups 
according to their characterization by a series of attributes 
(Ferrar and Walker, 1974). Discriminant analysis employs a 
dependent variable (group) and collection of independent 
variables (morphometric) to develop discriminant functions in a 
multidimensional space that maximizes the variability between 
the groups while minimizing the variance within the group. In 
DFA, relative contribution made by each variable to overall 
discrimination, the standardized discriminamt function score is 
used to determine a variable effect on group membership. When 
the value of variable with a positive coefficient is increased, the 
resultant discriminant score is also increased thus increasing 
the probability of classifying the individual in a group with higher 
centroid. 
DFA was performed on different measurements of the fish 
which were org£inized into a sample morphological matrix. The 
raw data matrix was suitably transformed to allow for a valid 
analysis. This seemed essential because DFA is a very sensitive 
form of analysis designed for data containing overall variation 
and an equality of dispersion of group mean for each group (fish 
population) on each attributes (morphological parameters). The 
variables were measured on different scales. In order to avoid the 
analysis being dominated by those with large ranges, and to 
bring uniformity in the magnitude of variation in each variable, 
the data were Log transfonned and then standardized. The 
stepwise DFA was performed on 184 sample and 21 
morphological variables matrix. The first step in the analysis was 
the calculation of univariate F ratios and U statistics {Wilks 
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Lambda). Discriminant function scores were saved, and ANOVA 
was performed on the two discriminant functions to find out 
significant differences between different groups of fish 
population. 
RESULTS 
DFA is one of the most powerful techniques to discriminate 
between the different groups according to their morphological 
structure, t/statistics varied from 0-1, the higher lambda values 
indicate that group mean do not appear to be different, while 
small values indicate that group mean do appear to be different. 
Stepwise DFA revealed that 13 out of 21 morphometric 
characters in C. punctatus were diagnostic for discriminating the 
two northern populations (north 1, north 2) and the south 
populations as indicated by low values of Wilks Lamda and high 
F ratios (Table 1). The discriminating characters were dorsal fin 
insertion to ventral fin insertion (DFIVFI), dorsal fin insertion to 
ventral fin origin (DFIVFO), dorsal fin origin to dorsal fin 
insertion (DFODFI), dorsal fin origin to ventral fin insertion 
(DFOVFI), dorsal fin origin to ventral fin origin (DFOVFO), dorsal 
head length (DHL), extension of jaw to pectoral fin origin (EJPO), 
the post dorsal extension of neurocranium to dorsal fin origin 
(PDENDO), the post dorsal extension of neurocranium to pectoral 
fin origin (PDENPO), the post dorsal extension of neurocranium 
to ventral fin origin (PDENVO), snout to pectoral fin origin 
(SNPO), ventral fin insertion to ventral fin origin (VFIVFO), 
ventral fin origin to pectoral fin origin (VFOPFO). Table 2 
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provides values of standardized canonicail discriminant function 
coefficient for variables included in DFA. The canonical function 
coefficients standardized by within the group standard 
deviations, have both positive and negative values, indicating 
that differences between groups were related to shape not solely 
to size of the fish. The coefficients for DFIVFO, DFODFI and 
VFIVFO on DFl, and DHL, SNPO and VFOPFO on DF2, indicated 
their relative importance for discrimination (Table 2).The DFA 
produced two discriminant functions accounting for 64.4% and 
39.6% of the variance, respectively. The DFl represented the 
gradient of increasing DFIVFO, DFODFI and VFIVFO, while DF2 
represented the gradient of increasing DHL along with decreasing 
SNPO and VFOPFO. The distribution of the population centroids 
in relation to the above two functions has been shown in Fig. 1. 
The relative position and location of population in this figure 
determined the extent to which each population was associated 
with each function. At X-axis, the DFl was positively correlated 
with the DFIVFO, while it was foimd negatively correlated with 
DFODFI and VFIVFO. The DFl strongly demonstrated the 
separation between the three populations, and appeared to play 
major role in discriminating the north 1 and 2 populations. 
At Y-axis, the DF2 was positively correlated with DHL, but 
negatively correlated vdth SNPO and VFOPFO. The gradients of 
DF2 were found strongly discriminating between fish population 
of north 1 and south. The distribution of all three fish population 
is well defined in Fig. 1 which depicts the distribution of 
population centroid in relation to discriminant function 1 and 2 
and revealed that in north 1 population length of DFIVFO and 
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DHL were low, while DFODFI, VFIVFO were high, indicating that 
these populations have smaller head and larger dorsal and 
ventral fins. North 2 population showed low dorsal head length, 
and dorsal and ventral fin lengths. South population had high 
dorsal head length and low dorsal and ventral fin length. 
The discriminant scores were saved and ANOVA showed 
that there was significant difference between the fish population 
for DFl (F2 181=3.3E+07, P<.000) and DF2 (F2 181=2.23E+07, 
P<.000), indicating that all the three populations of fish are 
significantly different from each other. 
DISCUSSION 
Sample size is an important factor in multivariate analysis 
for discriminating between the populations. Bamber and 
Henderson (1985) was unable to discriminate the two species, 
Atherina boyeri and A.presbyter, probably due to their data not 
accounting for sample size. Ten of their 19 samples contained 5 
or fewer individuals while only one contained more than 20. 
Shaklee and Tamaru (1981) demonstrated the effect of sample 
size on multivariate analysis. They found that as number of 
individuals in a sample decreased below 15, the separation of 
species became dependent on the individuals used in the 
analysis and was not representative of the differences observed 
using samples containing larger number of individuals. Creech 
(1992) rejected the synonymy of A. presbyter and A.boyeri, using 
larger number of samples and truss bodyform reconstruction 
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reconstruction method, maMtaining the t ^ ^ species as 
morphometrically distinct. "-"^ -^ ^ Univji^ -^^  
The present study on multivariate morphometry with truss 
bodyform reconstruction of C. punctatus sampled from three 
different geographical regions indicates that the fish have 
diverged considerably in their body morphology. If a stock is 
considered to be intraspecific group of individuals, with 
recognizable geographic boundaries that exhibit unique 
phenotypic or genotypic attributes, then based on these results 
C. punctatus from north and south areas appear to belong to 
separate stocks. 
The findings of Waldman et at (1997), who compared the 
performance of six different stock identification approaches, 
using discriminant analysis of scale shape features, discriminant 
analysis of immunoassay data, mixed stock analysis of 
mitochondrial DNA on the same samples of striped bass, Morone 
saxatilis, concluded that morphometric-based approaches 
represent the best phenotypic method. The present study 
demonstrates the utility of DFA for defining regional stocks of C. 
punctatus but necessitates supportive genetic, biochemical and 
molecular studies. According to Pepin and Carr (1993) genetic 
evidence should be compared with morphometric and meristic 
studies in order to confirm that differentiation reflect some 
degree of reproductive isolation rather than simply 
environmental distinctness. Elliot et al. (1998) found genetic 
evidence for deptii separated stocks of deep water spiky oreo 
(Neocyttus rhomboidalis) in Australian waters. Work in the 
related field of research has shown that morphological data, used 
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in concert with electrophoretic data, can sharpen our views of 
character and population variability (Speilman and Smouse, 
1976; Johnson and Mickevich, 1977; McGlade and Mac 
Crimmon, 1979; Casselman et al, 1981; and Winans, 1980b). 
Hence, additional research is required to determine the best 
method to incorporate morphometric measurements with 
electrophoretic data for mixed stock analysis. 
Body shape differences have been studied between 
S5anpatric redfish (Sebastes mentella, S. fasciatus) and their 
hybrids, using geometric morphometries by Valentil et al (2002). 
Morphological variations have also recently been reported in 
population of several fish species like red mullet, Mullus barbatus 
(Mamuris et al, 1998), Arctic charr, Salvelinus alpinus (Adams et 
al, 1998), catadromous Australian bass, Macquaria 
novemaculeata (Jerry and Cairns; 1998), lacustrine brook charr, 
Salvelinus fontinalis (Djmes etal, 1999), local trout, Salmo trutta 
(Pakkasmaa and Piironen, 2001), sand skate, Psammobatis 
extenta (Braccini and Chiaramonte, 2002), and the endemic 
cichlids, Cichlasoma minkleyi (Trapani, 2003). 
Head length, dorsal and ventral fin lengths appeared 
important discriminating characters for distinguishing between 
stocks of C. punctatus in the present study. Morphometries of 
head and body depth have been consistently reported among the 
most important characters for describing geographic trends 
among fish populations as in Atlantic salmon, Salmo salar (Riley 
et al, 1989), Angler fish, Lophius vomerinus (Leslie and Grant, 
1990), Pacific herring, Clupea pallasi (Schweigert, 1990), and 
Orange roughy, Haplostethus atlanticus (Haddon and Willis, 
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1995). Results of the study on rainbow trout, Oncorhynchus 
mykiss, reared at different controlled temperatures, revealed 
differences occurring in head and body lengths (Martin, 1949). 
Greater head length and lesser body depths were observed in fish 
reared at warmer temperature. Interestingly, results of the 
present study on C. punctatus revealed greater head length in 
fish populations from south while lower head length was 
recorded in those from North India. This difference in head 
length may be attributed to climatic conditions as south 
population faces relatively warmer temperature than north 
population. Fish from the two populations also differed in their 
dorsal and ventral fin lengths. Longer dorsal and ventral fin 
lengths were observed in fish population from south compared 
to those from the north. Dynes et al (1999) studied the littoral 
and pelagic fonns of brook charr, S. fontinalis, and their 
observations indicated shorter dorsal fin in pelagic individual, 
suggesting a functional relationship between dorsal fin 
morphology and habitat preferences. 
SUMMARY 
Channa punctatus from three distinct geographically 
separated populations two from north and one from south were 
studied for stock structure identification, using multivariate 
morphometry with t russ bod5rform reconstruction. Discriminant 
Function Analysis (DFA) was employed to discriminate between 
the populations based on morphological parameters. DFA 
revealed that 13 out of 21 morphometric characters in this 
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species were diagnostic for distinguishing among the three 
populations and the differences between groups were related to 
shape not solely to size of the fish. The results of DFA, based on 
population centroids, revealed three distinct groups with respect 
to positively and negatively correlated body measurements. The 
study indicated that fish of different populations have diverged 
considerably in their body morphology. Hence, C. punctatus from 
North and South India appear to belong to separate stock. 
Head length, dorsal and ventral fin lengths appeared 
important discriminating characters. Greater head length was 
noted in fish populations from north in comparison to that from 
south, and this could be attributed to the climatic condition 
prevailing in the two regions. 
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Table 1. fVilks Lambda valuesand univariate F ratios for variables used in DFA 
Variables 
DFIVFO 
DFOVFO 
DFODFI 
VFIVFO 
DHL 
SNPO 
EJPO 
DFIVFI 
PDENPO 
PDENDO 
VFOPFO 
PDENVO 
DFOVFI 
Wilks Lambda 
0.232 
0.213 
0.335 
0.196 
0.141 
0.172 
0.129 
0.188 
0.199 
0.222 
0.335 
0.250 
0.127 
F ratio 
199.0 
221.49 
118.93 
245.79 
366.72 
289.68 
404.8 
258.59 
241.43 
209.86 
118.92 
179.68 
412.51 
Significance 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
Table 2. Standardized canonical discriminant function coefficient from a 
discriminant function analysis of three fish population (% of total variance 
extracted by each DF is noted in each column) 
VARIABLES 
DFIVFI 
DFIVFO 
DFODFI 
DFOVFI 
DFOVFO 
DHL 
EJPO 
PDENDO 
PDENPO 
PENVO 
SNPO 
VFIVFO 
VFOPFO 
DFl 
64.4% 
-.491 
2.188* 
-1.252* 
0.333 
0.179 
0.096 
-0.155 
-0.121 
-0.087 
0.371 
0.456 
-1.172* 
-0.162 
DF2 
39.6% 
-0.055 
-0.461 
-1.104 
0.654 
1.000 
1.381* 
0.542 
0.451 
-0.548 
0.827 
-1.286* 
0.213 
-1.208* 
* important contributor to the components 
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Fig. 1. Distribution of population centroid in relation to 
discriminant function 1 and 2 of north and south 
populations. 
CHAPTER-IV 
Chapter IV 
Electrophoretic profile of soluble nuclear eye lens 
protein of Channa punctatus (Bloch) - A Preliminary 
s tudy 
INTRODUCTION 
Increasing human pressure on freshwater fish stocks, 
particularly habitat destruction, brings risks of losing the genetic 
diversity through elimination of their genetically unique races or 
stocks. Therefore, one of the goals of management of freshwater 
fisheries is to maintain genetic diversity (Nelson and Soule, 
1987). The need for conservation of fish genetic resources has 
been recognized by fishery scientists for quite some time, in 
relation to over-fishing of natural stocks. Global efforts towards 
putting genetic conservation into practice in most cases have not 
been adequate. A major cause of delay in implementation of 
appropriate conservation measures appears to be ignorance or 
indifference towards the implication of continued losses of 
genetic resources (Allendorf et al, 1987). 
Identification of marine fishes using eye lens, muscle and 
serum proteins have received much attention in the past 
(Gushing, 1952; Sindermann, 1964; Tsuyuki, and Roberts, 1965; 
Deligly, 1969; Wishard-Seeb and Gunderson, 1988; and 
Jamieson and Birley, 1989a). Tsuyuki et al. (1965) emphasized 
the value of muscle myogen patterns in phylogenetic studies and 
intra- and interspecific protein variation as diagnostic 
characteristics of stock analysis. Earlier, the only method 
available for the evaluation inter-specific and racial variation was 
morphometric and meristic characters. However, at present 
biochemical genetics has become a useful tool to supplement the 
same. Gel electrophoresis is a powerful yet a relatively simple 
technique that separates protein according to their net charge 
and size in an electric field. The major application of 
electrophoretic techniques in fisheries research has been in 
population or stock identification. Genetically based intraspecific 
variation in the nuclear eye lens protein has been reported 
earHer (Smith, 1966, 1971 a, b, c; EcKroat and Wright, 1969; 
and Peterson and Shehadah, 1971) and these have been used to 
identify populations of the same species. 
In the present study, the electrophoretic method was 
appUed to determine if heterogeneity existed in the nuclear eye 
lens proteins of C. punctatus from different regions of India. 
MATERIALS AND METHODS 
Live specimens of C. punctatus, from northern and 
southern regions of the country, were transported to the 
laboratory in tin boxes. Fish were anaesthetized with MS 222 for 
morphological study. Thereafter, eye lenses were carefully 
removed, weighed and macerated in a mortar with 0.0189% 
saline solution equal to six times the weight of the nuclear 
tissue. This particular saline solution was appropriate as it was 
strong enough to extract the two major classes of proteins such 
as albumins and globulins, and was too weak to cause 
undesirable salt effects in the electrophoretic patterns (Smith, 
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1968, 1970). The extract was cleared by centrifugation for 15 
min at 8000 rpm. The supernatant was removed carefully and 
kept at -20 °C until electrophoresis was carried out as described 
by Laemmli (1970). Polyaciylamide gel electrophoresis was 
performed using Tris-glycine (pH 8.3) in upper and lower 
chamber of the electrophoretic tank. 0.1 ml of sample and dye 
was added in each well and electrophoresis carried out at a 
constant current of 4 mA per well. As the dye reached the 
bottom, the electrophoretic assembly was switched off, the gels 
removed carefully and left overnight in staiining solution. 
Destaining was done the next day with 7% acetic acid. 
Determination of protein concentration 
Protein was estimated by the methods of Lowry et al. (1951) 
and Bradford (1976) (Fig. 1, 2). 
Determination of protein by Lowry method 
Freshly prepared 5 ml solution of alkaline copper reagent 
was mixed with 1 ml of protein sample. After mixing the contents 
thoroughly, the tubes were incubated at room temperature for 10 
min. 1 ml of 1:4 times diluted Folin-Ciocalteau reagent was 
added with immediate mixing and the tubes left for 30 min at 
room temperature. The absorbance was monitored at 660nm on 
Spectronic spectrophotometer. The protein content of unknown 
sample was determined from a standard plot constructed with 
bovine serum albumin (Fig. 1). 
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Protein estimation by Bradford method 
This assay is based on colour change that occurs when 
Coomassie Brilliant Blue G-250 in acid solution binds strongly to 
protein hydrophobically, and positively charged groups, 
protonation is suppressed and a blue colour is observed (max 
595 nm). 
Dye preparation 
100 mg Coomassie Brilliant Blue G-250 was dissolved 
thoroughly in 50 ml of 95% ethanol. To this, 100 ml of 85% 
orthphosphoric acid (v/v) was added. The resulting solution was 
diluted to final volume of IL. On every use, the dye solution was 
filtered. 
Protein assay 
Solution containing 10 to 100 |ig protein in a volume of up 
to 0.1 ml was pipetted into test tubes. The volume was adjusted 
to 1 ml with distilled water. 5 ml of dye solution or Bradford 
reagent was added to it, and the contents mixed by vortexing. 
The absorbance was taken at 595 nm on Spectronic 
spectrophotometer after few minutes but before an hour against 
a reagent blank, containing 1 ml of distilled water and 5 ml of 
Bradford reagent. 
Gel electrophoresis 
Polyacrylamide slab gel electrophoresis was performed as 
described by Laemmli (1970). 
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The following stock solutions were prepared: 
1. Acrylamide- bisacrylamide (30:0.8) 
30 g of acrymalide and 0.8 g of bisacrylamide was dissolved 
in a total volume of 100 ml distilled water. The solution was 
filtered and stored at 4 °C in an amber coloured bottle in order to 
prevent photopolymerisation. 
2. Resolving gel buffer 
Tris {36.3g, 3M) was dissolved in 48 ml of 1 N HCL, the pH 
adjusted to 8.8, and the final volume raised to 100 ml with 
distilled water. 
3. Stacking gel buffer 
Tris (6.05g, 0.5M) was dissolved in 40 ml of distilled water, 
titrated to pH 6.8 with IN HCL, and the fined volume raised to 
100 m.1 with distilled water. 
4. Electrode buffer 
0.02M Tris and O.IM glycine (pH 8.3) containing 0.1% of 
SDS. 
5. Sample buffer 
(a) 6 g of Tris was dissolved in 80 ml of distilled water and the pH 
adjusted to 6.8 with orthophosphoric acid. The final volume was 
raised to 100 ml with distilled water. 
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(b) To 12.5 ml of the above solution was added 1 mg 
Bromophenol Blue and 12.5 ml glycerol. 5% B-mercaptoethanol 
was added just before use. One part of solution (b) and four parts 
of sample were mixed and boiled for five minutes jus t before 
electrophoresis. 
Reagents for different concentration of gels 
Reagents for 2.5 % stacking gel (total volume 10 ml) 
Aciylamide - bisacrylamide 1.25 ml 
Stacking gel buffer 2.5 ml 
10% SDS 100 111 
1.5%APS 50^1 
Distilled water 5.65 ml 
TEMED 7.5 |al 
Reagent for gradient gel 10 to 20% (total volume 10 ml) 
Acrylamide-bisacrylamide 3.33 ml 6.66 ml 
Resolving gel buffer 1.25 ml 2.5 ml 
10% SDS 0.1ml 2.2 ml 
1.5% APS 0.5 ml 1.0 ml 
Distilled water 4 .81ml 2.9 ml 
TEMED 10 Hi 10 Hi 
Reagent for 12.5% (total volume 10 ml) 
Acrylamide-bisacrylamide 3.33 ml 
Resolving gel buffer 1.25 ml 
10% SDS 0.1ml 
1.5% APS 0.5 ml 
Distilled water 4 .81ml 
TEMED 6jul 
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Determination of molecular weight of eye lens protein by 
SDS-PAGE 
Molecular weight of eye lens protein was determined by 
calculating the relative mobility (Rm) of the marker proteins 
purchased from GENEI, Bangalore, using the following formula 
Rm = Distance travelled by the protein band 
Distance travelled by the dye 
Molecular weight of standard protein was plotted against 
their relative mobility. A straight line was drawn between Log M 
and Rm values (Fig. 3, Plate 1, and Table 1). 
RESULTS 
Electrophoretic profile of eye lens protein of C. punctatus 
was studied in samples obtained from two different regions of the 
country. 12.5% and gradient SDS-PAGE was run on samples of 
northern regions. No difference in banding pattern of proteins 
could be observed in samples from this region (Plate 2 and 3). 
Interestingly, study on eye lens proteins in samples from 
southern part of the country revealed five different patterns, 
indicating towards the possibility of existence of different 
population stocks (Plate 4). Patterns A, B and D indicated 6, and 
pattern E indicated 5 proteins in the electrophoretic profile. All 
the patterns differed in their molecular weights (Table 2). Pattern 
C was found to be entirely different from the other four patterns, 
A, B, D and E. The molecular weight for this pattern ranged from 
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2400 to 36000, indicating the presence of both low to high 
molecular weight proteins. 
DISCUSSION 
Electrophoretic analysis of proteins has enabled fishery 
scientists to distinguish fish stocks with greater reliability 
(Cramichael et al, 1992). McAndrew and Majumdar (1983) 
showed specific differences either in mobility or allele frequency 
in different species of tilapia. Tave and Smitherman (1980) 
suggested that electrophoresis can give an independent estimate 
of level of variation within a population, without an extensive 
survey of morphological and other traits. However, the link 
between the level of molecular variation and amount of 
morphological variation in fish still remains in some doubt 
(McAndrew et at, 1982). Although the major application of 
electrophoretic technique in fisheries research has been directed 
towards stock identification (Smith 1990), the technique has an 
indirect measure of genetic variation and not all the variation at 
DNA level is detectable. It is now increasingly felt to make use of 
other latest biochemical tools as well for identifying different 
stock of fishes. 
Intra- and interspecific protein variation as diagnostic 
characters for stock analysis in muscle myogen patterns have 
been discussed by Tsuyuki et al. (1965). Menezes (1980) found 
differences in the soluble eye lens proteins of Sardinella 
longiceps, stating that polymorphism was sufficiently distinct 
enough to be placed under two breeding populations. 
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Electrophoretic pattern of muscle and eye lens protein of three 
species of nemipterid was studied by Chakraborty (1989). His 
results revealed that although muscle protein was different in 
their mobility patterns, it was not sufficient enough to assign 
species specific characters, whereas eye lens proteins revealed 
species specific pattern in the components as well as their 
mobility. 
In the present study, although no poljnnorphism was seen 
in population from northern part of the country, electrophoretic 
variations were distinctly evident in eye lens proteins of samples 
from southern part of the country, indicating towards the 
existence of different population stocks in this region. A corollary 
to this was evident in the observations made on the 
morphometric and meristic character, as well as t russ 
measurement of the fish. 
The electrophoretic pattern of eye lens and muscle protein 
of three species of sciaenids was studied by Chakorborty (1990) 
who reported species specific electrophoretic patterns in these 
fishes. Investigation on eye lens proteins of three species of 
flatfishes, Psettodus erumei, Brachiurus orientalis and 
Pseudorhombus arsius by Menezes (1979) also indicated 
significant differences in protein fractions, their migratory 
distance and staining intensity. Intra-specific variation in the 
soluble nuclear eye lens protein of mullet, Mugil cephalus, was 
studied by Bhosle (1977), who observed five different patterns of 
protein indicating towards pol5miorphism in this species. 
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Tsvetnenko (1991), on the other hand, found no pol)nnorphism in 
crystalline spectra of grey mullet. 
The present study on electrophoretic variability in the 
crystalline of C. punctatus revealed distinct variations, pointing 
to the heterogeneity of nuclear eye lens proteins, and the fact 
that such protein variability within the species could reliably be 
used to identify separate breeding populations of the fish. 
However, more detailed studies on the subject would be needed 
to arrive at definite conclusions. 
SUMMARY 
Genetically based intraspecific variation in the eye lens 
crystalline has been found to be important for population or 
stock identification. Electrophoretic study was performed on 
soluble nuclear eye lens proteins of Channa punctatus from two 
geographically distinct regions, north and south of India. 
SDS-PAGE was performed on eye lens crystallins of C. punctatus 
from the two regions. Result from the samples of north 
population indicated no significant difference in the banding 
patterns of different proteins. However, eye lens proteins in 
samples from south of India revealed five different patterns, 
indicating towards the possible existence of different population 
stock. Although all the patterns differed in their molecular 
weight, atleast one pattern was found to be entirely different 
from the others. The molecular weight of this pattern revealed 
the presence of both low to high molecular weight, ranging from 
2400 to 36000 Daltons. 
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Tablel. Molecular weight and Relative mobility of marker proteins used in 
SDS-PAGE 
Proteins 
Ovalbumin 
Carbonic Ahydrase 
Soyabean Trypsin Inhibitor 
Lysozyme 
Aprotinin 
Insulin 
Molecular weight 
(M) Daltons 
43000 
29000 
20000 
14300 
6500 
3000 
LogM 
4.63 
4.46 
4.30 
4.15 
3.81 
3.47 
Rm 
0.254 
0.327 
0.418 
0.545 
0.672 
0.745 
Table 2. Estimated molecular weight of eye lens proteins obtained by plotting 
Rm values against Log M of the marker protein. 
B 
D 
Relative mobility of diff-
errent protein bands (Rm) 
0.54 
0.55 
0.61 
0.64 
0.69 
0.72 
0.47 
0.49 
0.55 
0.64 
0.83 
0.86 
0.33 
0.46 
0.49 
0.54 
0.55 
0.66 
0.77 
0.84 
0.49 
0.52 
0.55 
0.62 
0.74 
0.81 
0.49 
0.52 
0.56 
0.62 
0.66 
LogM 
4.07 
4.04 
3.91 
3.84 
3.73 
3.67 
4.25 
4.19 
4.05 
3.84 
3.41 
3.34 
4.55 
4.25 
4.19 
4.07 
4.05 
3.80 
3.54 
3.38 
4.19 
4.12 
4.05 
3.86 
3.62 
3.44 
4.19 
4.12 
4.03 
3.86 
3.80 
Molecular Weight 
(Daltons) 
12000 
11200 
8200 
7000 
5400 
4700 
18000 
15500 
11400 
7000 
2600 
2200 
36000 
18000 
15500 
12000 
11400 
6400 
3500 
2400 
15500 
13200 
11400 
7300 
4200 
2800 
15500 
13200 
10800 
7300 
6400 
20 40 60 80 100 
Concentration of BSA (|ug/ml) 
120 
Fig. 1. Calibration curve for estimation of protein by 
Lowry method 
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Fig. 2. Calibration curve for estimation of 
protein by Bradford method 
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Fig. 3. Plot of Log M of marker protein against relative mobility 
(Rm) 
Plate 1. SDS - PAGE of marker protein 
STD 
Plate 2. SDS - PAGE (12.5%) of eye lens proteins 
of C. punctatus Uom northern region of the country 
Plate 3. SDS - PAGE (Gradient) of eye lens proteins 
of C. punctatus Uom northern region of the country 
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Plate 4. SDS - PAGE (12.5%) of eye lens proteins 
of C. punctatus from southern region of the country 
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